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ABSTRACT 
The computer  code G3DXL computes  time domain scattered f i e l d s  and  
s u r f a c e  c u r r e n t s  and  c h a r g e s  induced  by a d r i v i n g  f u n c t i o n  on and  w i t h i n  a 
complex s c a t t e r i n g  objec t  which may be  p e r f e c t l y  c o n d u c t i n g  or  a lossy 
d ie lec t r ic .  T h i s  i s  accompl ished  by model ing t h e  objec t  w i t h  cel ls  w i t h i n  a 
th ree -d imens iona l ,  r e c t a n g u l a r  problem s p a c e ,  e n f o r c i n g  t h e  a p p r o p r i a t e  
boundary c o n d i t i o n s  and  d i f f e r e n c i n g  Maxwell ' s  e q u a t i o n s  i n  t i m e .  In t h e  
p r e s e n t  v e r s i o n  of t h e  program, t h e  d r i v i n g  f u n c t i o n  c a n  be e i ther  the  f i e l d  
radiated by a l i g h t n i n g  s t r i k e  o r  a direct  l i g h t n i n g  s t r ike.  The s c a t t e r i n g  
ob jec t  is t h e  F-106 B a i r c ra f t .  
The program has been s u c c e s s f u l l y  e x e c u t e d  on t h e  CDC 203 a t  N A S A  
Langley  where i t  is c u r r e n t l y  o p e r a t i o n a l .  
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SECTION 1 
SCOPE AND OBJECTIVES 
T h i s  document p r e s e n t s  i n f o r m a t i o n  c o n c e r n i n g  t h e  programming, 
main tenance  and  o p e r a t i o n  of t h e  computer  code G3DXL. 
i n t e n d e d  t o  f a c i l i t a t e  1 )  e f f e c t i v e  u s e  of t h e  program as is and 2) c o n v e r s i o n  
and  m o d i f i c a t i o n  o f  t he  code fo r  o the r  t e s t  items and  e x c i t a t i o n  sources. 
T h i s  i n f o r m a t i o n  is 
The theore t ica l  bas i s  f o r  t h e  code is d i s c u s s e d ,  t h e  numer i ca l  
imp lemen ta t ion  o f  t h e  t h e o r y  is p r e s e n t e d ,  and t h e  l i m i t a t i o n s  a re  enumera ted .  
T h i s  d i s c u s s i o n  is followed by  a p r e s e n t a t i o n  of t h e  program a r c h i t e c t u r e ,  
i n c l u d i n g  flow cha r t s ,  g l o b a l  v a r i a b l e  d e f i n i t i o n s ,  i n p u t  and  o u t p u t  
r e q u i r e m e n t s .  
i n c l u d e s  a s u b r o u t i n e  d e s c r i p t i o n ,  local  v a r i a b l e  d e f i n i t i o n  (where n e e d e d ) ,  
flow char t ,  and a l i s t i n g  of t h e  s u b r o u t i n e .  The reader i s  p r o v i d e d  i n  t h i s  
manual w i t h  a n  u n d e r s t a n d i n g  of the theoretical basis of the code and  its 
prac t ica l  implementa t  i on .  




2.1 THE PROBLEM 
G3DXL addresses t h e  problem of c a l c u l a t i n g  i n  t h e  time domain t h e  
c u r r e n t s  and c h a r g e s  induced on and w i t h i n  a composi te  a i r c ra f t ,  a l o n g  w i t h  t he  
r e s u l t i n g  s c a t t e r i n g  f i e l d s ,  by a n  e x c i t a t i o n  s o u r c e ,  i n  t h i s  case a d i r e c t  
l i g h t n i n g  s t r i k e  o r  t h e  r ad ia t ed  l i g h t n i n g  f i e l d .  The scatterer may be 
imbedded i n  a homogeneous media ( a n  a i r c r a f t  i n  f l i g h t ,  f o r  example)  or  may be 
l o c a t e d  o v e r  a l o s s y  ground p l a n e  ( a n  a i r c ra f t  ove r  a runway, for example) .  
2.2 THE SOLUTION 
G3DXL f i n d s  t h e  induced  c u r r e n t s  and  c h a r g e s  on t h e  sca t te re r  a l o n g  
w i t h  t h e  scat tered f i e l d s  by  d i f f e r e n c i n g  Maxwell ' s  e q u a t i o n s  i n  time u s i n g  a n  
a l g o r i t h m  f i r s t  descr ibed  by  Yee [ l ] .  
s p a c e  w i t h  a mesh o f  d imens ions  o f  2 9 x 2 9 ~ 2 9 .  
o r d e r  o f  5 0 x 5 0 ~ 5 0  are p o s s i b l e  on c e r t a i n  l a r g e  computers ,  s u c h  as t h e  DEC VAX 
111780. The problem o f  e c h o e s  from t h e  f i n i t e  problem s p a c e ' s  o u t e r  b o u n d a r i e s  
is c i r cumven ted  by t h e  a p p l i c a t i o n  o f  Merewether's r a d i a t i n g  boundary c o n d i t i o n  
[ 2 ] ,  which is based o n  the  fac t  t h a t ,  f a r  from t h e  scatterer,  t h e  scattered 
f i e l d s  must behave as f ( e , $ ) g ( t - r / c ) / r .  Here, f ( l3 ,$)  r e p r e s e n t s  a n  a r b i t r a r y  
v a r i a t i o n  i n  8 and I$, g ( t - r / c )  e x p r e s s e s  t h e  retarded time b e h a v i o r  of t h e  
f i e l d s  and t h e  l / r  describes t h e  far  f i e l d  dependence o n  r.  I t  is t h e  l / r  
dependence t h a t  is of i m p o r t a n t  here, as i t  a l l o w s  f i e l d s  n e a r  t h e  o u t e r  
boundary t o  be e x t r a p o l a t e d  t o  t h e  o u t e r  boundary,  t h e r e b y  a f f e c t i n g  t h e  o u t e r  
r a d i a t i n g  boundary c o n d i t i o n .  
T h i s  a l g o r i t h m  is a p p l i e d  t o  a problem 
Even l a r g e r  problem s p a c e s  on t h e  
. 
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2.3 Numerical Implementation 
The  three-dimensional, f in i te-difference formalism employed b y  G3DXL 
separates  the f i e l d 3  in to  incident and scat tered f i e l d s  and solves d i r ec t ly  for  
the sca t te red  f i e l d s ,  u s i n g  Maxwell's equations. The incident f i e l d  is used 
only t o  e s t ab l i sh  the value of the scat tered f i e l d  throughout the s c a t t e r e r ' s  
volume, where the f i e l d s  a r e  r e l a t ed  by what w i l l  be re fer red  t o  here as  a 
volume boundary condition. 
The formalism (Appendix B gives more d e t a i l s )  s t a r t s  w i t h  Maxwell's 
equations for  the t o t a l  f i e l d s :  
+ + V x H' = + oE.  a t  
Subtracting t h e  Maxwell equations f o r  the  incident f i e l d  propagating i n  f r e e  
space, i .e .  the f r e e  space form of the Maxwell equations: 
a; v x Fii = € O F  
yie lds  the generalized equations: 
4 
~ 
The generalized equations, as  they stand, a r e  completely general and 
may be applied over a l l  space. I n  f r e e  space, t h e  terms w i t h  ( V - I J  1, ( E - E ~ )  
and u as  mul t ip l ie rs  vanish yielding the f r e e  space form of the equations. On 




S i ET = -ET 
where T r e f e r s  t o  the tangent ia l  components of the E-field on the perfect ly  
conducting surface. 
Prior work w i t h  f i n i t e  difference codes typ ica l ly  used the f r ee  f i e l d  
formulation w i t h  the perfect ly  conducting boundary condition. C3DXL uses the 
generalized equations throughout the volume of a lossy d i e l e c t r i c  s c a t t e r e r ,  
the f r ee  f i e l d  equations i n  f r e e  space and the  perfect ly  conducting boundary 
condition fo r  a perfect conductor. T h i s  approach was deemed more e f f i c i e n t  
than the use of the generalized equations throughout a l l  space. 
The ac tua l  conversion of the d i f f e r e n t i a l  equations i n t o  a f i n i t e  
difference form w i l l  be presented here fo r  a perfect ly  conducting sca t t e re r  
about which the  f r e e  space Maxwell equations fo r  the sca t te red  f i e l d  hold, 
i .e . ,  
a”” v x P = --pz 
a P  
a t  v x iis = 6- + 
b u t  a r e  wr i t ten  i n  a f in i te -d i f fe rence  form using two point cen t r a l  
differencing i n  a rectangular coordinate system. For example: 
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becomes 
n n scat  
(H:cat) ( I , J , K )  - ( H Z  1 ( 1 , J - 1  , K )  
Y(J) - Y(J-1)  
n n sca t  
( I , J , K )  - ( H  1 ( I , J , K - l )  Y 
(Hsca t  
- 
Z ( K )  - Z ( K - 1 )  
n - l / 2  
( I , J , K )  
scat  ) n+1/2 myat ( I , J , K )  - (E-. 
X x 
A t  = E  
n + 1 / 2  n - l / 2  
( I , J , K )  + (,.scat) ( I  , J , K )  ( E x a t )  " A A 
2 + o  
where A t ,  Y(J) - Y ( J - l ) ,  e tc .  a r e  d i sc re t e  time and s p a t i a l  increments used i n  
t he  c a l c u l a t i o n .  T h e  s u p e r s c r i p t  n is the time i n d e x  and I , J , K  label  the  
nodes i n  the three-dimensional mesh of the problem space. Similar expressions 
can be derived fo r  the  remaining f i v e  equations, involving the remaining 
components. Note t h a t  the  H-field components a t  times ( n + l ) A t  can be evaluated 
from t h e i r  own value a t  the  e a r l i e r  time nAt and from the  E-field components a t  
the e a r l i e r  times ( n + 1 / 2 ) A t .  Similarly the E-field components a t  times 
( n + 1 / 2 ) A t  a r e  evaluated from the  H-field components a t  times nAt and from t h e i r  
own values a t  e a r l i e r  times ( n - l / 2 ) A t .  T h i s  r e s u l t s  i n  a f u l l y  e x p l i c i t  and 
automatically cen t r a l  differencing scheme tha t  reduces the t runcat ion o r  round- 
off e r r o r  [3 ,41.  
The d i f fe rence  equations a r e  applied,  a t  successive d i sc re t e  time 
s t eps ,  t o  a c e l l  space; i n  t h i s  case,  a three-dimensional, rectangular c e l l  
space. That i s ,  the equations a r e  assumed t o  hold f o r  a l l  the  c e l l s  of the 
.space. A s ing le  c e l l  and the  f i e l d  components associated wi th  i t  a r e  shown i n  
Figure 1 .  The s i z e  of the individual c e l l  determines the time s t ep  A t .  For 
s t a b i l i t y ,  A t  mus t  s a t i s f y  t h e  Courant s t a b i l i t y  condition, which may be 
expressed a3 [ S I .  
6 










E Y ( I + l , J , K )  
- x , I  
F igu re  1.  Location of t h e  S i x  F i e l d  E v a l u a t i o n  
Points i n  a Typical Cell  
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I f  E o r  1.1 a r e  inhomogenous, t he i r  dependence on (I,J,K) must  be included i n  
evaluating the  minimal time s t eps  of the above equation. If the time s tep  is 
grea te r  than A t ,  the  predicted responses grow without bound. Note tha t  A t  is 
approximately the t r a n s i t  time across the c e l l .  The c e l l  s i z e  a l s o  determines 
the frequency range of val id  data.  When a quarter wavelength of the frequency 
component of i n t e r e s t  is  smaller than the c e l l  dimensions, t he  answer returned 
is i n  e r ro r .  
Two boundary conditions m u s t  be applied t o  t h i s  c e l l  space. The 
f i r a t  def ines  t h e  object  fo r  which the  scat tered f i e l d s  a r e  t o  be calculated.  
We s h a l l  only consider a perfect  conductor here f o r  s implici ty .  
face t h a t  d e f i n e 3  a p o r t i o n  of a i r c r a f t  surface,  the t o t a l  tangent ia l  E-field 
vanishes s o  tha t  
For each c e l l  
inc 
Etan tan ( t )  = -E ( t )  
scat  
inc sca t  
A t  t = O ,  E ( t )  is assumed zero and so E ( t )  is  a l s o  zero. A t  l a t e r  times 
the source or  d r i v i n g  f i e l d  E ( t )  appears a t  the s c a t t e r e r ' s  surface w i t h  
non-zero value determining E ( t )  and, through the difference equations, tan 
determining the sca t t e red  f i e l d s  throughout the c e l l  space. 
inc 
,E$€ 
The second boundary condition is on the outer  surface of the c e l l  
space where the  rad ia t ion  condition is imposed [2]. 
requires  the  sca t t e red  E-field t o  behave as  E 
outer surface,  t he  same f i e l d  behavior a3 occurs f a r  from the s c a t t e r .  By 
imposing t h i s  behavior on the  surface of the c e l l  apace, a f i n i t e  c e l l  space 
can be made t o  approximate an i n f i n i t e  c e l l  space. I n  e f f e c t ,  t h e  outermost E- 
T h i s  boundary condition 




f i e l d s  ape made t o  behave n e a r l y  t h e  same as t h e y  would have  had the  c e l l  s p a c e  
c o n t i n u e d  on  beyond t h e  o u t e r m o s t  c e l l s  i n d e f i n i t e l y ,  l e a v i n g  t h e  i n n e r  c e l l s  
seeming ly  imbedded i n  a n  i n f i n i t e  c e l l  space .  As a r u l e  o f  thumb, t h i s  
approx ima t ion  is s u c c e s s f u l  when t h e  c e l l  s p a c e  is a t  least  twice t h e  s ca t t e r ' s  
d imens ions  i n  each direct  ion .  
As a n  example o f  t h i s  p rocedure ,  l e t  Jm be t h e  maximum index i n  the  
y - c o o r d i n a t e  for  t h e  c e l l  s p a c e .  
t h e  y - d i r e c t i o n  is: 
The r a d i a t i o n  c o n d i t i o n  a p p l i e d  t o  i n  
where 
and X ( I ) ,  Y ( J ) ,  Z (K) a re  c o o r d i n a t e  v a l u e s  f o r  t h e  p o i n t s  c o n s i d e r e d ,  c is 
t h e  v e l o c i t y  o f  l i g h t .  As c a n  be s e e n ,  t h e  f i e l d s  a t  t h e  o u t e r  boundary are  
found from i n t e r p o l a t i n g ,  i n  time, the f i e l d s  t h a t  are  o n e  c e l l  i n  from the  
Oute r  boundary. The times are t h e  p r e s e n t  program c y c l e ,  and  t h e  two pr ior  
program c y c l e s .  T h i s  i n t e r p o l a t i o n  is based o n  a c o n s t a n t  c e l l  size.  If a n  
expanding  mesh is u s e d ,  a somewhat more complex e x p r e s s i o n  must  be employed 
0 0 0 
c51. 
Similar c o n d i t i o n s  ( there a re  e l e v e n  more) can  be w r i t t e n  gown for  
Ex, E y'# and EZ a t  t h e  s i x  s u r f a c e s  of t he  box. 
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By assigning appropriate cons t i t u t ive  parameters ( E ,  p ,  and a)  t o  the  
first few tiers of c e l l s  a t  the base of the c e l l  space, a ground can b e  modeled 
from which the sca t t e red  f i e l d s  a r e  p a r t i a l l y  re f lec ted .  
condition is applied t o  a l l  s i x  faces,  only the desired ground r e f l ec t ion  w i l l  
be present;  t h e  f i e l d s  transmitted i n t o  the  ground w i l l  not be re f lec ted  back 
from the outer  surface of the c e l l  space. 
Since the  rad ia t ion  
The c e l l  s i z e  used need not be uniform. By enlarging the c e l l  s i z e  
outs ide t h e  immediate region of the  a i r c r a f t ,  the  outer  boundary can be fur ther  
removed from the a i r c r a f t .  (Expansion f a c t o r s  much grea te r  than 1.3 a r e  not 
recommended, 
Reflections from the  outer  boundary, t ha t  occur because the rad ia t ion  condition 
is imposed a t  moderate dis tance R from the or ig in ,  a r e  thereby lessened. 
The reason is t h a t  severe discont inui ty  e f f e c t s  can be  seen.) 
The sur face  cur ren t  density and surface charge density a t  any 
posi t ion on the  a i r c r a f t  a r e  found from 
- -  -scat + Ginc) s c a t  inc 
J = n x ( H  and ps = Enormal + Enormal 
respect ively,  where E is t h e  outward normal of the s c a t t e r e r ' s  surface.  
values of t h e  sca t te red  f i e l d s  a t  the posi t ion of i n t e r e s t  a r e  found from the  
adjacent nodal point  values using a combination of in te rpola t ion  and 
extrapolation. 
frequency domain da ta  over a broad frequency range. 
The 
These time-domain responses can be transformed t o  y i e l d  
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2.4 Program Architectural  Description 
. 
G3DXL i s  designed t o  predict  ex te r io r  and i n t e r i o r  responses on 
complex sca t t e r ing  objects ,  such as  a i r c r a f t .  To achieve t h e  needed degree of 
s p a t i a l  reso lu t ion  f o r  i n t e r i o r  coupling predict ions the  expansion technique i A  
employed. A preliminary r u n  w i t h  a coarsely modeled a i r c r a f t  ( F i g u r e  1-a> is 
used t o  obtain the  response about a portion of t h e  a i r c r a f t .  T h i s  response 
imposed on the outer  boundary of the problem space allows a second r u n  t o  be 
made i n  which only the  portion of the a i r c r a f t  is modeled (Figure 21, b u t  i n  
f i ne r  d e t a i l  and w i t h  t he  e n t i r e  a i r c r a f t  response preserved. The use of the 
expansion technique requires  what is, i n  e f f e c t ,  two separate  r u n s .  
The sca t t e r ing  object can a l s o  be a perfect  conductor, a r e s t r i c t i o n  
t h a t  some p r io r  f i n i t e  difference codes, such a s  THREDE [5,6], had t o  adhere 
to ;  o r  i t  could be a lossy d i e l e c t r i c ,  a.s i n  a composite a i r c r a f t .  T h i s  last  
and more general case is t r ea t ed  u s i n g  the generalized f i n i t e  difference 
technique a s  embodied i n  C3DXL. A t h i n  p l a t e  algorithm (Appendix A )  even 
allows composite panels t o  be t rea ted .  The generalized f i n i t e  difference 
technique and t h i n  p l a t e  algorithm do not require  more r u n s ,  b u t  each r u n  using 
them is more complex. Such a r u n  m u s t  be  able  t o  t r e a t  per fec t ly  conducting 
so l id s  and surfaces  o r  p l a t e s  and must  be able t o  t r e a t  lossy d i e l e c t r i c  s o l i d s  
and p la tes .  
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2.5 Program Execut ion  
The f o l l o w i n g  s t e p s  are a c o n c i s e  g u i d e  t o  t h e  e x e c u t i o n  of the  code .  
1 )  Always m a i n t a i n  two o r i g i n a l  backup c o p i e s :  t h e  f i r s t ,  a d i r e c t  
access f i l e  r e s i d e n t  i n  t h e  compute r ' s  memory and  t h e  second ,  a card deck ,  t he  
same as t h e  f i l e ,  r e s i d e n t  w i t h  t h e  user i n  c h a r g e  of mafn ta fn ing  t h e  code. 
2) From t h e  o r i g i n a l  f i l e  i n  t h e  computer ,  make a new f i l e  under  a 
new name. 
t o  model t h e  c o r r e c t  problem. 
I t  is t h i s  f i l e  t h a t  w i l l  be modi f ied  ( u s i n g  t h e  XEDIT c a p a b i l i t y )  
3 )  When t h e  new f i l e  is modi f i ed  and  r u n n i n g  p r o p e r l y ,  i t  i s  p r u d e n t  
t o  make a copy o f  t h e  f i l e .  
f u r t h e r  m o d i f i c a t i o n s  a re  made and they  r e s u l t  i n  a nonrunning  program, o n e  c a n  
a lways  r e t u r n  t o  t h e  secondary  backup and  t r y  a g a i n .  
T h i s  copy s e r v e s  as a secondary  backup. If 
4) M o d i f i c a t i o n s  t o  t h e  o r i g i n a l  code, as embodied i n  t h e  o r i g i n a l  
backup, can be made o n l y  a f t e r  t h e  s e l e c t i o n  o f  a n  e x c i t a t i o n  s o u r c e  and a n  
i n t e r a c t i o n  o b j e c t .  
5) The e x c i t a t i o n  s o u r c e  c a n  be e i ther  a r ad ia t ed  l i g h t n i n g  f i e l d  o r  
a d i rec t  l i g h t n i n g  s t r i k e .  To select o n e  or  t h e  o t h e r ,  t h e  pa rame te r  I D L S  is 
s e t  e q u a l  t o  0 f o r  a radiated l i g h t n i n g  f i e l d  o r  1 f o r  a direct  l i g h t n i n g  
s t r ike .  IDLS a p p e a r s  as  a da t a  s t a t e m e n t  i n  s u b r o u t i n e  SETUP. 
6 )  The e x c i t a t i o n  s o u r c e  s p e c i f i c a t i o n s  are  s e t  as f o l l o w s .  For  a - 
radiated l i g h t n i n g  f i e l d  a d o u b l e  e x p o n e n t i a l  waveform A(e at-e-Bt) is assumed. 
The p a r a m e t e r s  A ,  a and  B are  r e p r e s e n t e d  by AMP,  ALPHA and  BETA i n  t h e  code.  
They are set  i n  s u b r o u t i n e  SETUP. C u r r e n t  v a l u e s  a re  AMP = 5.92E4, ALPHA F 
4.08E6, BETA = 1.OE8. 
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7 )  The a c t u a l  c a l c u l a t i o n  of  t h e  radiated l i g h t n i n g  f i e l d s  i.s 
performed i n  t h e  f u n c t i o n s  E I N C X ( I , J , K ) ,  ..., H I N C Z P ( X P , Y P , Z P ) .  
f i e l d s  a re  fo r  broadside i n c i d e n c e  from above.  The e l ec t r i c  f i e l d  p o i n t s  i n  
t h e  x d i r e c t i o n  and t h e  magne t i c  f i e l d  p o i n t s  in t h e  z d i r e c t i o n .  
A t  p r e s e n t  t he  
8 )  The i n t e r a c t i o n  ob jec t ,  t y p i c a l l y  a n  a i r c r a f t ,  must b e  modeled 
w i t h i n  t he  problem s p a c e  b o u n d a r i e s  s e t  by  a s p a c e  of  28 x 28 x 28 ce l l s .  
F u r t h e r ,  t h e  o u t e r  r a d i a t i n g  boundary c o n d i t i o n  c a n  be e x p e c t e d  t o  work 
r e a s o n a b l y  well o n l y  i f  t he  i n t e r a c t i o n  o b j e c t  o c c u p i e s ,  a t  most, 20 c e l l s  
across t h e  problem a p a c e  i n  any d i r e c t i o n .  Thus ,  t h e  i n t e r a c t i o n  object can  be  
d i v i d e d  by no more t h a n  20 i n  any  l i n e a r  dimension.  I f  o n e  d imens ion  is L ,  
t h e n  t he  c e l l  used  i n  t he  problem s p a c e  would have  d imens ion  L/20 i n  t h i s  
d i r e c t i o n .  A t y p i c a l  a i rc raf t  is on t h e  order t o  20 meters long .  T h u s ,  c e l l s  
approx ima te ly  1 meter long  are  used  i n  t h e  M = l  loop where t h e  e n t i r e  a i rc raf t  
must be  modeled. G e n e r a l l y ,  ce l l s  on t h e  o r d e r  of l m  x 0.5m x 0.5m are used .  
T h i s  allows f o r  a r e a s o n a b l y  a c c u r a t e  r e n d i t i o n  o f  t h e  a i r c r a f t  f u s e l a g e .  
Expanding t h e  c e l l s  where t h e  wings l i e  i a ,  however,  n e c e s s a r y .  T h i s  allows 
a l l  o f  t h e  wings t o  be modeled i n  t h e  problem s p a c e  a t  a s ac r i f i ce  i n  d e t a i l  in 
t h e  r e g i o n  of  t h e  wings ,  where i t  is o f t e n  n o t  needed.  
9 )  For t h e  M = l  l o o p ,  when t h e  e n t i r e  i n t e r a c t i o n  o b j e c t  must be 
modeled,  a s e t  of  scale d rawings  o r  t h e  e q u i v a l e n t  a r e  needed.  They d e f i n e  the 
i n t e r a c t i o n  object  geometry.  A d d i t i o n a l l y ,  t h e  c o n s t i t u t i v e  p a r a m e t e r s  ( a  and 
E )  of  t h e  material compr i s ing  t h e  i n t e r a c t i o n  object a re  needed a l o n g  w i t h  t h e  
material t h i c k n e s s .  The model is i n p u t  i n t o  the  code by: 
0 s e t t i n g  t h e  c e l l  s i z e  (Ax,Ay,Az) th rough  t h e  p a r a m e t e r s  DELX,  DELY 
and DELZ i n  s u b r o u t i n e  SETUP. 
o s e t t i n g  the expans ion  ra tes  of t h e  ce l l s  ( X P A N X ,  X P A N Y ,  X P A N Z )  and 
t h e  i n d i c e s  where ce l l  expans ion  starts,  ( I U P ,  ... KDOWN) i n  
s u b r o u t i n e  SETUP. 
o s e t t i n g  t h e  N O P E ( I , J , K )  a r r a y  i n  s u b r o u t i n e  BUILD. l&nzero v a l u e s  
of  N O P E ( I , J , K )  p l a c e  a material media i n  t h e  ( I , J , K )  c e l l s .  When 
N O P E ( I , J , K )  = 0 the  c e l l  has the p r o p e r t i e s  of  free s p a c e .  The 
o p t i o n  e x i s t s  t o  se lect  a p e r f e c t l y  c o n d u c t i n g  material t h a t  f i l ls  
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t h e  c e l l  ( N O P E ( I , J , K )  = 4 )  or forms a p l a t e  on one  s i d e  o f  t h e  c e l l  
( N O P E ( I , J , K )  , 1 f o r  t h e  (Y-Z)  p l a n e ,  2 f o r  t h e  ( X - Z )  p l a n e  and 3 
f o r  t h e  ( X - Y )  p l a n e ) .  ( A l l  s ides  a re  t h e  n e a r  s i d e  of t h e  c e l l  as  
d e f i n e d  a l o n g  t h e  x , y , z  a x i s  t h a t  f o l l o w  t h e  i n c r e a s e  i n  t h e  
i n d i c e s  I ,  J ,  and  K r e s p e c t i v e l y . )  The o p t i o n  a l so  e x i s t s  t o  
r e p l a c e  the  p e r f e c t l y  c o n d u c t i n g  material wi th  a lo.ssy d i e l ec t r i c  
material. The same approach  is u s e d  as f o r  t h e  p e r f e c t l y  
c o n d u c t i n g  material, e x c e p t  1 , 2 , 3 , 4  a re  r e p l a c e d  by 5,6,7,8 i n  t h e  
v a l u e s  t h a t  may be a s s i g n e d  t o  N O P E ( I , J , K ) .  
nonze ro  v a l u e s  so as t o  f i l l  the problem w i t h  material f o l l o w i n g  
t h e  geometry of t h e  i n t e r a c t i o n  o b j e c t  and hav ing  t h e  same material 
p r o p e r t i e s  ( E and u). 
Cells are s e t  t o  
o s e t t i n g  E and (J f o r  any l o s s y  d i e l ec t r i c  material i n  t h e  
i n t e r a c t i o n  model v i a  a d a t a  s t a t e m e n t  f o r  EPS and SIGMA i n  t h e  
s u b r o u t i n e  SETUP. 
o s e t t i n g  p l a t e  t h i c k n e s s  TX f o r  l o s s y  d i e l ec t r i c  p l a t e s  i n  t h e  ( Y - Z )  
p l a n e ,  TY f o r  l o s s y  d i e l e c t r i c  p l a t e s  i n  ( X - Z )  p l a n e  and TZ f o r  
l o s s y  d i e l e c t r i c  p l a t e s  i n  the (X-Y) p l a n e .  ( P r e s e n t l y  EPS, S I G M A ,  
TX, TY and TZ d o  n o t  v a r y  as a f u n c t i o n  of p o s i t i o n ) .  
cost  i n  memory, b u t  w i t h i n  t h e  c a p a b i l i t i e s  of t h e  Cyber 203 ,  the.se 
p a r a m e t e r s  c a n  be i n p u t  as a f u n c t i o n  of p o s i t i o n ,  i .e.  
EPS+EPS(I ,J ,K),  etc. If t h i s  change is r e q u i r e d ,  t h e n  a n  array,  
s u c h  as E P S ( I , J , K ) ,  must be specif ied i n  s u b r o u t i n e  SETUP and the 
CDC XEDIT c a p a b i l i t y  used  t o  r e p l a c e  EPS by EPS( I , J ,K)  everywhere ,  
i n c l u d i n g  common s t a t e m e n t s .  Related q u a n t i t i e s  t o  EPS, such  as 
EPEFFX, EPEFFY, EPEFFZ, EXPON, EXPDX, EXPDY, EXPDZ, XEXP, XEXPX, 
XEXPZ, and t o  SIGMA, such  as R S I G M A ,  must a l s o  be w r i t t e n  as  three 
d imens iona l  arrays and d imens ioned  as s u c h  o r ,  more a p p r o p r i a t e l y ,  
w r i t t e n  o u t  e x p l i c i t l y  i n  terms of E P X ( 1  , J , K )  , SIGMA(1 ,J , K ) ,  
T X ( 1  , J , K ) ,  e tc .  a t  t h e  c o s t  o f  a n  i n c r e a s e d  c o m p u t a t i o n a l  burden  
wi th  t h e  s a v i n g s  of a v e r y  l a r g e  amount of  memory. 
A t  a l a r g e  
10) I n t e r a c t i o n  object models need  o n l y  b e  c o n s t r u c t e d  f o r  t h o s e  
loops d e s i r e d ,  i .e. 
M=1 for  unexpanded model where  o n l y  s u r f a c e  r e s p o n s e s  a re  r e q u i r e d ;  
M=2 for expanded model where o n l y  a p e r t u r e  c o u p l i n g  and d i f f u s i o n  
may b e  t r e a t e d ;  
11) The desired p e r m u t a t i o n  o f  the  two l o o p s  is s e t  b y  MM. Allowed 
v a l u e s  a re  MM=1, 12 ,  where, f o r  example,  MM=12 r e s u l t s  i n  the  M = l  and 2 l o o p s  
b e i n g  e x e r c i s e d .  MM is set  i n  program D R I V E R .  
. 
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12) The number of t ime  s t e p s ,  N ,  must  a l so  be s e t  i n  D R I V E R .  
Dimension r e s t r i c t i o n s  l i m i t  N a t  p r e s e n t  t o  2000. F u r t h e r ,  t h e  expans ion  
f ac to r  EXPFAC times N f o r  t h e  M-1 l oop  s h o u l d  y i e l d  N f o r  t h e  M-2 loop .  Thus ,  
when a n  expanded r u n  is made, N 5 2000 and N I 2000/EXPFAC (2000/4 = 500 a t  
p r e s e n t )  f o r  unexpanded r u n s  made i n  c o n j u n c t i o n  w i t h  a n  expanded r u n .  
13) F o r  expanded r u n s  (M=2) t h e  n e c e s s a r y  subboundary i n f o r m a t i o n  o n  
the  p r e c e d i n g  unexpanded r u n  (M=l) is saved  v i a  s u b r o u t i n e  SAVESB and 
i n t e r p o l a t e d  f o r  u s e  i n  t h e  expanded r u n  i n  s u b r o u t i n e  OUTBND. P r e s e n t l y ,  t h e  
expans ion  f ac to r ,  EXPFAC, is f o u r ,  s o  t h a t  t h e  s p a c e  su r rounded  by t h e  
subboundary o n  t h e  unexpanded r u n  is 7 x 7 x 7 ce l l s .  The u s e  of i n t e r p o l a t i o n  
o n l y  and t h e  p o s i t i o n i n g  of t h e  t a n g e n t i a l  E f i e l d  component3 o n  t h e  
subboundary faces r e q u i r e s  t h a t  a n  a r r a y  of 8 x 9 f i e l d  component3 be s a v e d  o n  
each face. A s  there a re  two components on  e a c h  face and .six faces, a t o t a l  of 
864  components a r e  s a v e d  i n  each t ime  s t e p  i n  t he  a r r a y  A R A Y ,  which has 
d imens ions  of (864,500). For d i f f e r e n t  expans ion  factors  t h e  864 would have  t o  
change  i n  A R A Y ,  which a p p e a r s  i n  s u b r o u t i n e s  SAVESB and  OUTBND. Also,  
CRAY(8,9) a p p e a r i n g  i n  s u b r o u t i n e  OUTBND f o r  i n t e r p o l a t i o n  p u r p o s e s  would have  
t o  be changed ,  as  would t h e  a u x i l i a r y  a r r a y  ARRAY.  
14) The l o c a t i o n  of t h e  subboundary is  s e t  by a data  s t a t e m e n t  i n  
I N E A R , . .  .,KFAR i n  s u b r o u t i n e s  SAVESB and  OUTBND. 
15)  I n t e r i o r  r e g i o n s  a re  t y p i c a l l y  modeled f o r  t h e  M=2 l oop  where 
scat - s u f f i c i e n t  r e s o l u t i o n  is  a v a i l a b l e .  Wires are  e l e c t r i c a l l y  c o n d u c t i n g  ( E  - 
-E inc )  f o r  M=2. They a r e  manua l ly  s p e c i f i e d  i n  EBC. 
16) L i g h t n i n g  c h a n n e l s  are modeled as e x t e r i o r  wires r u n n i n g  from t h e  
o u t e r  s u r f a c e  of the problem s p a c e  t o  t h e  s c a t t e r i n g  object.  They a re  
e l e c t r i c a l l y  c o n d u c t i n g  fo r  Me1 and 2 and  are  manual ly  s p e c i f i e d  i n  EBC. A 
l oop  of H- f i e ld  components d r i v e  t h e  e l e c t r i c a l l y  c o n d u c t i n g  l i g h t n i n g  c h a n n e l  
f o r  M=1 and is  s p e c i f i e d  manual ly  i n  H A D V .  Fo r  M=2 t h e  loop  is n o t  p r e s e n t e d ,  
o n l y  t h e  channe l .  Th i s  is because  t h e  loop  ac t s  as a s o u r c e  and  must be  
o u t s i d e  t he  subboundary volume fo r  t h e  expans ion  t e c h n i q u e  t o  work.  
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17) Test point  locat ions a r e  selected manually i n  D A T A S A V .  The 
desired locat ions ( u p  t o  24) a r e  specif ied by  XOBS(NPT),  YOBS(NPT1, ZOBS(NPT1, 
which a r e  t h e  t es t  point locat ions i n  meters from the  center  of the problem 
space. Se t t ing  NPLANE(NPT) f o r  each location determines the  surface on which 
t e s t  point is located o r ,  more precisely,  the d i rec t ion  from which t h e  f i e l d s  
a r e  extrapolated t o  the  test  point.  NPLANE=l s e l e c t s  a t e s t  point on a Y-2 
plane with t h e  f i e l d s  extrapolated i n  from l e f t  t o  r i g h t ;  2 is t h e  same, except 
t he  extrapolat ion is from r i g h t  t o  l e f t .  NPLANE=3 s e l e c t s  a t e s t  point on a X- 
Z plane w i t h  the f i e l d s  extrapolated from high t o  low; 4 is the same except the  
extrapolation is from low t o  high. NPLANE55 s e l e c t s  a t e s t  point on a X-Y 
plane with t h e  f i e l d s  extrapolated from back t o  fore ;  6 is the  same except the  
extrapolat ion is from fore  t o  back. 
ex ter ior  o r  i n t e r i o r  response depending on the  se lec t ion  of NPLANE, which 
determines from what d i r ec t ion  t h e  extrapolation is made. THETA(NPT) a l igns  
the t e s t  point response components, that  is fo r  THETA=O, HSTOR1 is the  a x i a l  
current  f o r  t h e  tes t  point on t h e  sides of a cylinder and HSTOR2 is t h e  
circumferential  c u r r e n t .  When THETA-90, t h i s  a.ssignment is r e v e r s e d .  F o r  
THETA somewhere i n  between, HSTORl, for  example, is a mix  of ax ia l  and 
circumferential  currents .  For most appl icat ions THETA can be l e f t  a t  0. 
A t e s t  location on a surface can be fo r  an 
18) To obtain current  responses fo r  l a t e  times economically, t he  data  
records f o r  the  HSTOR1 component are extended ana ly t ica l ly  LMAX * I P  time 
steps.  
For example, f o r  IP=2 da ta  is saved every other  t i m e  s tep .  Both LMAX and I P  
a r e  s e t  v i a  a da ta  statement i n  subroutine SETUP. For cur ren ts  on i n t e r i o r  
wires a loop of magnetic f i e l d  about t he  wire can be manually spec i f ied  and  
output a s  CSTORE. 
HSTORl, which is ana ly t i ca l ly  ex tended .  The, CSTORE is a l s o  of extended 
duration and t h e  l a te  time currents a r e  known. 
I P  is t he  number of time s t eps  t a k e n  before response data  is  saved. 
NPLANE m u s t  be se lec ted  so t h a t  each component i s  s tored i n  
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2.6 LIMITATIONS 
There a re  three l i m i t a t i o n s  on  the  o p e r a t i o n  of G3DXL which a r e  
imposed by  t h e  mathematical model and the  computer  f ac i l i t i e s .  These are  
l i s t e d  and  d i s c u s s e d  below. 
1 )  Run time is l i m i t e d  t o  ?2000 program cycles f o r  a s i n g l e  
loop for  t y p i c a l  a i rc raf t  s c a t t e r i n g  problems. A program 
cycle is t y p i c a l l y  o n  t h e  o r d e r  o f  1 n s  r e s u l t i n g  i n  500 
t o  2000 n s  o f  data. I n s t a b i l i t i e s  i n  t h e  r a d i a t i o n  
boundary c o n d i t i o n  r e t u r n  a growing o s c i l l a t i o n  i n  t h e  
late-time data t h a t  overwhelms t h e  t r u e  r e sponse .  T h i s  
l i m i t a t i o n  is l e s s e n e d  by m a i n t a i n i n g  n e a r l y  equal c e l l  
s i ze s  o n  t h e  o u t e r  boundar i e s  ( a  c o n d i t i o n  t h a t  is 
a u t o m a t i c a l l y  met when u s i n g  a c o n s t a n t  mesh, b u t  n o t  
always when u s i n g  a n  expanding  mesh.) D i f f e r e n c e s  of  
greater t h a n  a factor  of two s h o u l d  be avo ided .  
2)  The model is l i m i t e d  i n  s i ze  t o  be no more t h a n  one-ha l f  
t h e  c e l l  space i n  any  d i r e c t i o n .  If t h e  model is n o t  
res t r ic ted t o  t h i s  s i z e  l i m i t ,  t h e  approx ima t ion  upon 
which t h e  r a d i a t i n g  boundary c o n d i t i o n  is based, namely 
t h a t  t h e  scattered f i e l d s  behave as  f a r  f i e lds  a t  t h e  
o u t e r  boundary, is s e v e r e l y  compromised and r e f l e c t i o n s  
off  the o u t e r  boundary w i l l  be e x c e s s i v e l y  large. 
3 )  The upper  f r e q u e n c y  i s  l i m i t e d  t o  c/4R, where II is t h e  
largest  d imens ion  of  t he  c e l l s  used  t o  d e f i n e  the  
scatterer.  
e q u a l  t o  t h e  largest c e l l  dimension.  A t  these 
wavelengths ,  t h e  g r a n u l a r i t y  i n  t h e  s c a t t e r i n g  model 
becomes a p p a r e n t  and  a t  shorter wave leng ths ,  i.e., h igh  
f r e q u e n c i e s ,  i n v a l i d a t e s  t h e  data. 
Th i s  is e q u i v a l e n t  t o  q u a r t e r  wavelengths  
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4)  Only  expansion f ac to r s  of 2 ,  4, 7,  and 1 4  a r e  allowed, as 
these a r e  the only in tegra l  fac tors  possible w i t h  a 28- 
on-a-side c e l l  space. Further,  the fac tor  of 1 4  i s  not 
recommended, as i t  w i l l  involve very crude subboundary 




T h i s  s e c t i o n  p r o v i d e s  i n f o r m a t i o n  directed toward implemen ta t ion  of 
t h e  computer  program G3DXL o n  a p a r t i c u l a r  computer ,  m o d i f i c a t i o n  or  e x t e n s i o n  
t o  meet p a r t i c u l a r  needs  o r  c o n v e r s i o n  f o r  a d i f f e r e n t  computer  envi ronment .  
3.1 PROBLEM FLOW 
Flow c h a r t s  showing t h e  o v e r a l l  program s t r u c t u r e  for G3DXL are  g i v e n  
The f u n c t i o n s  performed by each s u b r o u t i n e  shown on t h e  char t  i n  F i g u r e s  2a-c. 
are descr ibed  i n  d e t a i l  i n  S e c t i o n  3.5. The main program i n p u t s  a v a r i a b l e  
i n d i c a t i n g  how f r e q u e n t l y  t o  o u t p u t  r e s u l t s ;  i t  se t s  t h e  s t a r t i n g  and end ing  
time f o r  t h e  computa t ions  and  a l so  i n c r e m e n t s  time. Most i m p o r t a n t l y ,  i n  
a d d i t i o n ,  i t  c a l l s  subprograms SETUP, BUILD,  EADV,  H A D V ,  SAVESB, and DATASAV. 
The v a r i a b l e s  i n p u t  i n  ' t h e  main program are  described i n  T a b l e  1. 
T a b l e  1 .  Variables I n p u t  i n  the  Main Program, D R I V E R ,  o f  C3DXL 
Variable 
Name D e s c r i p t i o n  
MM Desired p e r m u t a t i o n  of the f o u r  p o s s i b l e  c o n f i g u r a t i o n s  
I DLS O = I n d i r e c t  R a d i a t i o n  l = D i r e c t  L i g h t n i n g  S t r i k e  
TSTART T ime  ( i n  s e c o n d s )  a t  which t o  s t a r t  computa t ions  
2 1  
lSt  PASS 
UNEXP ANDED r E XP AN DE D 






EBC* - EADV 
T=T+DT/2 
T = T + D T / 2  
r- I ERAD 
I 
I 
7 E I N C X  , Y  ,Z 
7 _L_ 
! 
E I N C X  , Y  ,Z/ 
NO 
P R I N O U T  
* s p e c i f i e s  l i g h t n i n g  
channel 
* * s p e c i f i e s  c u r r e n t  
impressed  on t h e  
l i g h t n i n g  c h a n n e l  
Figure 2b. First Pass, Diffusion Calculation 
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S E T U P  I2 
OUTBND 
HINCXP,YP,ZP I DATASAV 
I I  T’ =TC tDT’ / 2 
E I NCXP, Y P, Z 
S T’ =T’ +DT’ / 2 
r”i OUTBND 
,j, YES 
*includes l i g h t n i n g  
channels 
1 .  PRINOUT 1 
1 
* * e f f e c t i v e l y  not  used 
a s  source ( H - f i e l d  
1 oops about channel s ) ; 
i s  outside the  M=2 
problem space 
F i g u r e  2c. Second Pass, Expanded D i f f u s i o n  C a l c u l a t i o n  
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. 
PROGRAH DRIVER( INPUT, OUTPUT=OUTKF) 
C 
COPIMOIJ/EFIELD/EX( 29,29,29) ,EY(  29 ,29,29)  , E Z (  29,29,29) 
CONNON/HFIELD/HX(29,29 ,29)  , H Y ( 2 9 , 2 9 , 2 9 )  , l i L ( 2 9 , 2 9 , 2 9 )  
COMMOI.I/GRID/X( 28) , Y ( 2 8 )  ,Z(  28)  ,XO( 29)  ,YO( 29) , Z O ( 2 9 ) ,  
1 D X ( 2 9 )  , D Y ( 2 9 )  , D Z ( 2 9 )  , D X 0 ( 2 8 )  , D Y 0 ( 2 8 )  , D Z 0 ( 2 8 )  s 
2 
COMMON/EXTRAS/NX,NY,NZ,1JX1,NYl,NZ1,N,M,MQ,DT,XElU,EPSO,EPS,NPTLIM, 
1 N N , N P T S , L M A X , S I G M A , C , T , P I , E X P F A C , I P , T X , T Y , T Z , A ~ , A L P H A , ~ E T A , I D L S  
COiWON/ PERM/ MM 
D X I ( 2 9 )  , D Y I ( 2 9 )  , D Z I (  29) , D X 0 1 ( 2 8 )  , D Y O I ( 2 8 )  , D Z O I ( 2 8 )  
C 
C LOOP OVER THE D E S I R E D  PERMUTATION OF THE TWO CONFIGURATIONS 
C (UNEXPANDED Fl=l/EXPANDED ,Pl=2) 
C 
C S E T  MN VALUE TO DETERMINE WHICH PERHUTATION 
C (UNEXPANDED ONLY,MM=l/EXPANDED ,mln12) 
c 
C 
m1= 1 2 
P R I N T  10 




c UNEXPANDED( M=l ) LOOP 
C 
C 
c GENEKATE PROBLEM SPACE AND INTERACTION O B J E C T  FOR M = l  
C 
M- 1 
CALL S E T U P  
CALL UUILU 
C 
C S E T  T I M E  L I M I T S  AND EVERY I P  DATA P O I N T  SAVED 
C 
T S T A R T t O  .O 
P R I N T  111 





IF(MM.NE. 1) CALL SAVESB 
P R I N T  1 1 2  
DO 130 N = 1 , 4 8  
112 FORMAT(*EADV CALLED*) 
C 
C ADVANCE TIME 
C 
C 










C ADVANCE EFIELD 
C 
CALL EADV 
fF(MM.NE. 1) CALL SAVESB 
C 





IF(MOD(N,IP) .EQ.O) CALL DATASAV 
130 CONTINUE 
PRINT 150 ,T ,N 
CALL PRINOUT 
IF(MM.NE.l) GO TO 160 
GO TO 500 























EXPANDED (M=2) LOOP 
M= 2 
GENERATE PKOBLEM SPACE AND INTERACTION OBJECT FOR M=2 
CALL SETUP 
CALL BUILD 
SET TIME LIMITS AND EVERY IP DATA POINT SAVED 
TSTART=O.O 
IP=IP*EXPFAC 
T=DT/ 2. +TSTART 
N=O 
CALL EADV 






















IF(Ifii.LJE.12) GO TO 260 
GO TO 500 
2 5 0  FORMAT( *1EXIT TIflE(M=2)=*E12.3* ,AFTER CYCLE*I4) 
C 
c 





3.2 GLOBAL V A R I A B L E S  
The g l o b a l  v a r i a b l e s  for  G3DXL are  located i n  labeled common. The 
n i n e  commons are  labeled EFIELD, HFIELD, EXTRAS, G R I D ,  U G R I D ,  RAD, TSITEM, EBS, 
and  OUT. The v a r i a b l e s  are descr ibed  i n  Table 2. - 
3.3 DATA FILES 
I n p u t  t o  Program G3DXL is made t h r o u g h  data  s t a t e m e n t s  and  by 
manual ly  d e f i n i n g  program v a r i a b l e s ,  p redominant ly  i n  s u b r o u t i n e  SETUP. The 
v a r i a b l e s  i n p u t  a re  i d e n t i f i e d  i n  t h e  d i s c u s s i o n  of t he  s u b r o u t i n e s  i n  which 
t h e y  are d e f i n e d  ( S e c t i o n  3.5). 
There is one  ou tpu t  f i l e  f o r  Program G3DXL. T h i s  p r i n t e r  o u t p u t  is 
referred t o  i n  t h e  program as OUTPUT and  is accessed v i a  formated  p r i n t  
s t a t e m e n t s ,  D e s c r i p t i o n s  of  t h e  o u t p u t  da ta  a r e  f u r n i s h e d  i n  t h e  d i s c u s s i o n s  
of t h e  s u b r o u t i n e s  i n  which t h e y  are o u t p u t  (Section 3.5). 
3.4 ERROR MESSAGES 
The o n l y  e r ror  message i n  G3DXL is i n  t h e  main program D R I V E R .  The 
s t a t e m e n t  IIMM INPUT ERROR1' is p r i n t e d  i f  MM is n o t  s e t  t o  a n  allowed v a l u e .  
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3.5 SUBROUTINES 
I n  t h i s  s e c t i o n  t h e  s u b r o u t i n e s  t h a t  comprise Program C3DXL are 
p r e s e n t e d .  
p rov ided  a l o n g  w i t h  a s u b r o u t i n e  flow chart  and  a d e s c r i p t i o n  of  those 
v a r i a b l e s  l o c a l  t o  t h e  s u b r o u t i n e .  
A br ief  d e s c r i p t i o n  of  t h e  f u n c t i o n  performed by t h e  s u b r o u t i n e  is 
SETUP - Problem s p a c e  d e f i n i t i o n ,  i n i t i a l i z a t i o n  and  pa rame te r  
d e f i n i t i o n s  
BUILD - S c a t t e r i n g  geometry d e f i n i t i o n  
EADV - Advances f ree  s p a c e  E - f i e l d s  
EBC - Sets  e l ec t r i c  f i e l d  boundary c o n d i t i o n s ,  l i g h t n i n g  c h a n n e l s ,  
and d e f i n e s  i n t e r n a l  wires. 
ERAD - O u t e r  r a d i a t i o n  boundary c o n d i t i o n  
HADV - Advances free s p a c e  H- f i e lds  
FIELDS - D e f i n e s  i n d i r e c t  radiated f i e l d s  
SAVESB - Saves  subboundary t a n g e n t i a l  E - f i e l d s  f o r  expans ion  t e c h n i q u e  
OUTBND - I n t e r p o l a t e s  SAVESB f i e l d s  f o r  expanded c a l c u l a t i o n  
DATASAV - Saves  data  a t  selected test p o i n t  l o c a t i o n s  
PRINOUT - O u t p u t s  data  from D A T A S A V ,  e x t e n d s  wire c u r r e n t  data  i n  time 
3.5.1 S u b r o u t i n e  SETUP 
T h e  t e s t  c o n f i g u r a t i o n  and  c o n d i t i o n s  are  s p e c i f i e d  i n  s u b r o u t i n e  
SETUP. The g r i d d i n g  f o r  t h e  c e l l  s p a c e ,  t h e  time s t e p  and t h e  r a d i a t i o n  
f a c t o r s  are  de te rmined .  The v a r i a b l e s  l i s t e d  i n  T a b l e  3 are s e t  i n  t h e  
s u b r o u t i n e .  A flow chart  for  S u b r o u t i n e  SETUP is f u r n i s h e d  i n  F i g u r e  3 .  Table 















T a b l e  3 .  Variables I n p u t  i n  S u b r o u t i n e  SETUP 
D e s c r i p t i o n  
Length of c e l l  where there is no c e l l  e x p a n s i o n  
( x  d imens ion) (m)  
Width of c e l l  where there  is no c e l l  expans ion  
( z  dimension)(rn)  
Height  of c e l l  where there is no c e l l  e x p a n s i o n  
( y  dimens ion) (m)  
I index  of t h e  first c e l l  t h a t  is n o t  expanded i n  
t h e  x d i r e c t i o n  
I index  of the  l a s t  c e l l  t h a t  i s  n o t  expanded i n  
t h e  x d i r e c t i o n  
J index of t h e  f irst  c e l l  t h a t  is n o t  expanded i n  
the y d i r e c t i o n  
J index  of t he  l a s t  c e l l  t h a t  is n o t  expanded i n  
t h e  y d i r e c t i o n  
K index  of t h e  f i r s t  c e l l  t h a t  is n o t  expanded i n  
t h e  z d i r e c t i o n  
K index  of t h e  l a s t  c e l l  t h a t  is n o t  expanded i n  
t h e  z d i r e c t i o n  
S t a r t i n g  p o i n t  i n  t h e  unexpanded g r i d  (I,J,K) = 
(IST,JST,KST), f o r  t h e  expanded g r i d ,  ( I , J , K )  = 
(O,O,O) 
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P r i n t  
Var iab les  
Figure 3.  Flow Chart  f o r  S u b r o u t i n e  SETUP 





















Q Z Y  
R1 
R2 
Descr i p t  i o n  
Minimum c e l l  d imens ion  i n  x 
Minimum c e l l  d imens ion  i n  y 
Minimum c e l l  d imens ion  i n  z 
Cell  expans ion  c o e f f i c i e n t  i n  x ,  y, z 
di rec t  i o n  
Expansion factor f o r  M=2,4 l o o p s  
See Table 3 
See Table 3 
See T a b l e  3 
S e e  Table 3 
See Table  3 
See Table 3 
Minimum v a l u e  o f  QYZ, QZX,  QXY, Q Z Y ,  QXZ,  and  QYZ 
Minimum v a l u e  of 8 ' s  
Minimum v a l u e  o f  e X z t s  
Minimum v a l u e  o f  8 ' s  
Minimum v a l u e  o f  8 ' s  
Minimum v a l u e  o f  ezX's 
Minimum v a l u e  o f  8 ' s  
Temporary storage for  d i s t a n c e s  i n  computa t ion  of 
r a d i a t i o n  factors 
XY 




The g r i d d i n g  o f  t h e  c e l l  space f o r  t h e  unexpanded l o o p s  is de te rmined  
from DELX, DELY, and DELZ (see T a b l e  3) and the  expans ion  c o e f f i c i e n t s  ( X P A N X ,  
X P A N Y ,  and X P A N Z ) .  The g r i d  s i ze  w i t h i n  t h e  nonexpanding area is s i m p l y  DELX, 
DELY, and DELZ i n  t h e  x ,  y ,  and z d i r e c t i o n s  r e s p e c t i v e l y .  The major i ty ,  i f  
n o t  a l l ,  of  t h e  t e s t  i t a n  is u s u a l l y  c o n t a i n e d  w i t h i n  t h i s  area. O u t s i d e  t h i s  
area t h e  c e l l  s i z e  o f  each ce l l  as o n e  moves away from t h e  c e n t e r  of t h e  c e l l  
space is the  p r e v i o u s  c e l l  s ize  m u l t i p l i e d  by t h e  expans ion  f a c t o r  f o r  t h a t  
c o o r d i n a t e ,  for example,  
D X O ( I + l )  = D X O ( 1 )  * EXPANX 
The time s t e p  for  the  computa t ions  is d e f i n e d  as 
2 1  -l 
1 + 1 + 
At ={E * ldX1 m i n  ) 2  (dyminI2 ( dzmin) 
where dRmin is t h e  minimum c e l l  d imens ion  fo r  t h e  9. c o o r d i n a t e  d i r e c t i o n .  
The r a d i a t i o n  factors  eYx, eZx,  0 x y y  BZy, exz '  0 R  yz, y x 9  R Z x ,  R xy,  
R R X Z ,  and  R (see S u b r o u t i n e  E R A D )  a re  computed a n d  s t o r e d  for  l a t e r  used  
ZY ' YZ 
i n  the computa t ions .  
S u b r o u t i n e  SETUP is called from D R I V E R ,  t h e  main program of G3DXL. 
Variables i n p u t  and computed i n  S u b r o u t i n e  SETUP are  p r i n t e d  before i t  r e t u r n s  
t o  t h e  program. 
l -  
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SUBROUTINE S E T U P  
DIMENSION DDXO(2lO),UDYO(2lO),DDZO(’2lO) 
COb~lON/EFIELD/EX(29,29,29),EY(29,29,29),EZ(29,29,29) 
COMMON/ H F  I E L D /  liX( 2 9,29 ,2  9) , IIY ( 2 9,2 9 ,2  9) , HZ ( 2 9 , 2  9 , 2  9 )  
CONMON/GRID/X(28)  , Y ( 2 8 )  ,Z(28) ,XO(29) , Y 0 ( 2 9 )  , Z o ( 2 9 ) ,  




COP1IWN/EXTKAS/NX , N Y  , NZ , NX1,  NY 1, N Z l  , N,M,blQ, D T ,  XMU, E P S O ,  EPS ,NPTLIM , 
NN, N P T S  , LiiAX, S I G N A ,  C ,T  , P I ,  EXPFAC,  I P ,  TX , T Y ,  T Z  ,AMP, ALPHA, 1 





3 N l , N 2 , N 3  
COPIMON/KAD/RYX(28,29,2),RZi((29,28,2),RXY(28,29,2),KZY(29,28,2), 
CO~~lO~i/EBS/EYXD(28,29,3),EYXU(2~,29,3),EZ~~(29,28,3),EZXU(Z9,28,3) 
,EXYD( 28 ,29 ,3 )  ,EXYU( 28,29,3) ,EZYD( 29,28,3)  ,EZYU( 2 9 , 2 8 , 3 ) ,  
C 




C S E T  EXPANSION FACTOR 
COMMON/CUMMUL/CUIIM( 24) ,LOC(  24)  
I 
L 
DATA E X P F A C / 4 . 0 /  
C 





C SET PROBLEM SPACE DIMENSIONS 
C 
DATA NX,NY ,NZ ,NX1 , N Y 1  , N Z 1 / 2 9 , 2 9 , 2 9 , 2 8 , 2 8 , 2 8 /  
L 
C S E T  A I R C R A F T  SIGMA AHD E P S I L O N  
C 
C 








C F I R S T  I N I T I A L I Z E  F I E L D S  TO ZERO 
C 
DO 10 I=1 ,29  
EO 10 J=1,29 
DO 10 K = 1 , 2 9  
E X ( I , J , K ) = O . O  
C 
EY ( I, J ,K)=O. 0 
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DO 20 I=1,28 
DO 20 J=1,29 
DO 20 K=1,3 
EXYD ( I, J , IC) =O . 0 
EXYU(I,J,K)=O.O 
EXZD(I,J,K)=O.O 
EXZU( I, J ,K)=O . 0 





DO 25 1=1,29 
LO 25 J=1,28 
DO 25 K=1,3 
EYZD(I,J,K)=O.O 






I J l = O  
N2=0 
153~0 















c: INPUT GRID FOR Pl=l 
C 
C SET THE UNEXPAIJDED CELL DIMEWSIONS( DELX,DELY ,DELZ) IN METERS, 
C 
c WHICH THE CELLS REMAIN CONSTANT(IUP,IDOdN,JUP,JDOWN,KUP,KDOWN) 






















































C INPUT GRID FOR M=2 
C 
C 





































DO 155 I=IUP,NXl 
DDXO( I)=DELX*(XPANX**( I+l-IUP) ) 
155 CONTINUE 
C 









































DO 200 K=KEXPST,KEXPEND 
c 























DO 215 I=2,NX 
XU(l)=-(D/2.) 
IF(M.EQ.2) XO( l)=UXO(IST) 
XO(I)=XO(I-1)+DXO(I-1) 
IF(M.EQ.2) GO TO 215 





DO 220 J=l,NYl 




DO 225 J=2,NY 
IF(M.EQ.2) YO( l)=UYO(JST) 
YO(J)=YO(J-l)+DYO(J-l) 
IF(M.E(i.2) GO TO 225 
UYO(J)=YO(J) 
YO(l)=-(W/2.) 
UYO( l)=YO( 1) 
225 CONTINUE 
1€=0.0 





DO 235 K=2,NZ 
IF(M.EQ.2) ZO(l)=UZO(KST) 




UZO( l)=ZO( 1) 
235 CONTINUE 
C 
DO 240 I=l,NXl 





DO 245 J=l,NYl 
Y(J)=(YO(J)+YO(J+1))/2. 




DO 250 K=l,NZl 
Z(K>=(ZO(K)+ZO(K+1))/2. 
UZ( K) =Z (K) 
IF(M.EQ.2) GO TO 250 
250 CONTINUE 
C 
DO 260 1=2,NXl 
I)X(I)=X(I)-X(I-l) 
260 CONTINUE 
DX( 1)=DX( 2)"XPANX 
DX(29)=DX(28)*XPANX 














DO 275 I=1 ,NX1 
DxOI(I)=~./DXO(I) 
275 CONTINUE 












DO 295 J=1 ,NY 
DY I ( J) 51. /DY ( J) 
295 CONTINUE 
C 








IF(M.EQ.2) GO TO 199 
C 
C 
C EYX RADIATION FACTORS 
C(YX = 1. 
x1 = X0(1)**2 
DO 61 K=l,NZ 
DO 61 J=l,NYl 
Y2 = Y(J)**2 
22 = ZO(K)**2 
R1 = SQRT(X1 + Y2 + 22) 
R2 = SQRT(X2 + Y2 + 22) 
THYX(J,K,l) = 1. - (Rl-R2)/(C*DT) 
IF(THYX(J,K,l).LT.QYX) QYX = TIiYX(J,K,l) 
KYX(J,K,l) = R2/R1 










6 3  
X1 = XO(NX)**2 
R1 = SQKT(X1 + Y2 + 22) 
X2 = XO(NX1)**2 
R2 = SQKT(X2 + Y2 + 22) 
THYX(J,R,2) = 1. - (Rl-R2)/(C*l)T) 
IF(THYX(J,K,2).LT.QYX) QYX = THYX(J,K,2) 
RYX(J,K,2) = K2/Rl 
CONT IN UE 
EZX KADIAT ION FACTORS 
gzx = 1. 
x1 = X0(1)**2 
DO 62 K=l,NZl 
DO 02 J=l,NY 
Y2 = YO(J)**2 
22 = Z(K)**2 
R1 = SQRT(X1 + Y2 + 22) 
R2 = SQRT(X2 + Y2 + 22) 
THZX(J,K,l) = 1. - (Rl-R2)/(C*DT) 
IF(THZX(J,K,l).LT.QZX) QZX = TBLX(J,K,l) 
RZX(J,R,l) = R2/R1 
X1 = XO(NX)**2 
R1 = SQRT(X1 + Y2 + 22) 
X2 = XO(NX1)**2 
R2 = SQRT(X2 + Y2 + 22) 
THZX(J,K,2) = 1. - (Rl-K2)/(C*DT) 
IF(THiX(J,K,2).LT.QZX) QZX = THZX(J,K,2) 
RZX(J,K,2) = R2/Rl 
CONTINUE 
x2 = 1(0(2)**2 
EXY RADIATION FACTOKS 
QXY = 1. 
DO 6 3  K=l,NZ 
DO 6 3  I=l,NXl 
x2 = X(I)**2 
Y1 = Y0(1)**2 
22 = ZO(K)**2 
R1 = SQRT(X2 + Y1 + 22) 
R2 = SQRT(X2 + Y2 + 22) 
THXY(I,K,l) = 1. - (Rl-R2)/(C*DT) 
IF(TiIXY(I,K,l).LT.QXY) QXY = THXY(I,K,l) 
RXY(I,K,l) = R2/R1 
Y1 = YO(NY)**2 
R1 = SQRT(X2 + Y1 + 22) 
R2 = SQRT(X2 + Y2 + 22) 
THXY(I,K,2) = 1. - (Rl-R2)/(C*DT) 
w(Y(I,K,2) = R2/R1 
CONTINUE 
Y2 = Y0(2)**2 
Y2 = YO(IJYl)**2 
IF(THXY(I,K,2).LT*QXY) QXY THXY(I,K,2) 
C 
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C EZY RADIATION FACTORS 
C 
QZY = 1. 
DO 64  K=l,NZl 
DO 64  I-l,NX 
x2 = XO(I)**2 
Y1 = Y0(1)**2 
Y2 = Y0(2)**2 
22 = Z(K)**2 
R1 = SQRT(X2 + Y1 + 22) 
R2 = SQRT(X2 + Y2 + 22) 
THZY(I,K,l) 1. - (Rl-R2)/(C*DT) 
IF(THZY(I,K,l).LT.QZY) QZY = THZY(I,K,l) 
RZY(I,K,l) = R2/R1 
Y1 = YO(NY)**2 
R1 = SQKT(X2 + Y1 + 22) 
R2 = SQRT(X2 + Y2 + 22) 
THZY(I,K,2) = 1. - (Rl-R2)/(C*DT) 
Y2 = YO(NY1)**2 
IF(THZY(I,K,2).LT.QZY) QYZ=THYL(I,K,2) 
KZY( I, K, 2)=R2/K1 
6 4  CONTINUE 
C EXZ RADIATION FACTORS 
C 
QXZ = 1. 
DO 6 5  I=l,NX1 
LO 6 5  J=l,NY 
Y2 = YO(J)**2 
R1 = SQRT(X2 + Y2 + Zl) 
R2 = SQRT(X2 + Y2 i- Z2) 
THXZ(f,J,l) = 1. - (Rl-K2)/(C*DT) 
IF(THXZ(I,J,l) .LT.QXZ) QXL = THXZ(I,J,l) 
RXZ(I,J,l) = R2/R1 
R1 = SQRT(X2 i- Y2 + 21) 
22 = ZO(NZ1)**2 
R2 = SQRT(X2 + Y2 + 22) 
THXZ(I,J,2) = 1. - (Rl-R2)/(C*DT) 
IF(THXZ( I, J,2) .LT.QXZ) 
RXZ(I,J,2) = R2/R1 
x2 = X(I)**2 
z1 = Z0(1)**2 
22 = Z0(2)**2 
z1 = ZO(NZ)**2 
QXZ = THXZ( I,J,2) 
6 5  COiITINUE 
C EYZ RADIATION FACTORS 
C 
QYL = 1. 
x2 = XO(I)**2 
z1 = Z0(1)**2 
22 = 20(2)**2 
DO 66  J=l,NYl 
DO 6 6  I=l,NX 
Y2 = Y(J)**2 
R1 = SQRT(X2 + Y2 i- 21) 
R2 = SQRT(X2 + Y2 -t 22) 
50 







THYZ(I,J,2) = 1. - (Rl-R2)/(C*DT) 
IF(THYZ(I,J,2).LT.QYZ) qYZ f THYZ(I,J,2) 
RYZ(I,J,2) = R2/R1 
Q = AMINl(QYX,QZX,QXY,QZY,(IXZ,QYZ) 
MQ = -Q/2. 
66 CONTINUE 
C 
C PRINT VARIABLES 
C 
199 PRINT 201 
PRINT 202, DT, EPS,SIGMA 
PRINT 99 
PKINT 104, NX, 14x1, NY, LU1, NZ, NZ1 
PRINT 101 
PRINT 98, (XO(I), I = 1,NX) 
PRINT 102 
PRINT 98, (YO(J) , J = 1,NY) 
PRINT 107 
PRINT 98, (DXO(I), I = 1,NXl) 
PKINT 103 
PRINT 98, (ZO(K)  , K = 1,NZ) 
PRINT 106 
PRINT 98, QYX,QZX,QXY,QZY,QXZ,qYZ,Q 
C 
C FOlUUT STATEMENTS 
C 
98 FORMAT (10F10.4) 
101 FORNAT (*OXO GRID*) 
102 FOlUUT (*OYO GRID*) 
103 FORLLAT (*UZO GRID*) 
104 FORFIAT (2015) 
106 FOIUiAT( 1 B O , 5 X ,  *QYX*, 6X,*QZX*, 6X,*QXY*, 6X,*QZY*, 6X, *QXZ* ,6X, *qYZ*, 
107 FORMAT (*ODXO GRID*) 
201 FORMAT (*lDT,EPS,SIGW*) 
390 FORMAT(2FlO.3,2E12.4) 
400 FORMAT(3FlO.O) 
440 FORMAT( 615) 
RETURN 
END 
9 9  FOKiUT(5HU IJX,ZX,*NXl NY NYl NZ N Z l  MQ*) 
1 7X,*Q*> 
202 FORMAT (3E12.4) 
C 
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3.5.2 S u b r o u t i n e  BUILD 
The NOPE array,  which d e f i n e s  t h e  tes t  time, is f i l l e d  i n  S u b r o u t i n e  
BUILD.  Each c e l l  i n  t h e  cel l  space is  i d e n t i f i e d  by three i n d i c e s  (I ,J ,K) (see 
F igure  1 ) .  The e n t i r e  array is  i n i t i a l i z e d  t o  zero. For  perfect c o n d u c t o r s ,  
i f  t h e  I , J , K t h  ce l l  is  a th ree -d imens iona l  c e l l  i n  t h e  t e s t  time, N O P E ( I , J , K )  
is set e q u a l  t o  four (4). 
is a two-dimensional  piece of t h e  t es t  time, N O P E ( I , J , K )  is  set  e q u a l  t o  o n e  
( 1 ) .  For t h e  XZ p l a n e ,  N O P E ( I , J , K )  is s e t  t o  two ( 2 )  and  t o  three ( 3 )  i f  t he  
XY p l a n e  is a two-dimensional  p a r t  of the tes t  item. 
s e t  t o  1 2  ( Y Z  and  XZ p l a n e s ) ,  1 3  ( Y Z  and  X Y  p l a n e s ,  23 ( X Z  and  XY p l a n e s )  and  
123 ( Y Z ,  XZ and  X Y  p l a n e s ) .  When a n  imperfect conduc to r  is  modeled 4 + 8 and 
1 , 2 , 3  + 5 , 6 , 7 .  
item are p r i n t e d  and c a n  be used  t o  check t h e  t e s t  item s t r u c t u r e .  
r o u t i n e  is  replaced in i ts  e n t i r e t y  whenever a computa t ion  o n  a new s t r u c t u r e  
is  r e q u i r e d .  
If t h e  YZ p l a n e  a d j a c e n t  t o  v e r t e x  I,J,K of t h e  c e l l  
Where p l a n e s  meet NOPE is 
The v a l u e s  of t he  NOPE a r r a y  for each XZ p l a n e  c u t  of t h e  t e s t  
Th i s  
The v e r s i o n  o f  S u b r o u t i n e  BUILD i n c l u d e d  here b u i l d s  t he  F-106B 
aircraf t .  A flow chart  for  t h e  r o u t i n e  is  g i v e n  in Figure  4 .  S u b r o u t i n e  BUILD 
is called by t h e  main program D R I V E R .  
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I -  
Initialize Array 
to Zero - 
B u i l d  M=l 
Geoine t r y  
8 u i i d  M=2 
Georne t r y  
P r i n t  NOPE Array 
F i g u r e  4 .  Flow Chart f o r  S u b r o u t i n e  BUILD 
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SUBROUTINE BUILD 
COMMON/EXTRAS/NX,NY, NZ , NX1, NY1 ,NZ1, N, M,IIQ, DT, XMU, EPSO, EPS , NPTLIM , 
1 NN,NPTS,~1AX,SIGMA,C,T,PI,EXPFAC,IP,TX,TY,TZ,~IP,ALPHA,BETA,IDLS 
COPIMON/TSITEIII/NOPE(29,29,29) 
DO 100 I=l,NX 
DO 100 J=l,NY 






C CYLINDER TEST CASE FOR CODE OPERATION CHECK 
C 
TEST=O 
IF(TEST.EQ.0) GO TO E888 
C 
C BUILD M=1 GEOMETRY 
IF(Pl.NE.1) GO TO 200 
DO 110 I=5,24 
DO 110 J=13,16 
DO 110 K=13,16 
NOPE( I,J,K)=8 
GO TO 700 
DO 1101 I=5,25,20 
DO 1101 J=13,16 
DO 1101 K=13,16 
NOPE(I,J,K)=5 
DO 1102 I=5,24 
DO 1102 J=13,17,4 
DO 1102 K=13,16 
IF(NOPE(I,J,K).EQ.l) GO TO 1111 
NOPE( I,J,K)=G 
GO TO 1102 
11 11 NOPE ( I, J , K)=5 6 
1102 CONTINUE 
DO 1103 I=5,24 
DO 1103 J=13,16 
DO 1103 K=13,17,4 
IF(NOPE(I,J,K).EQ.l) GO TO 1112 
IF(NOPE(I,J,K).EQ.2) GO TO 1113 
IF(NOPE(I,J,K).EQ.l2) GO TO 1114 
NOPE(1, J,K)=7 
GO TO 1103 
1112 NUPE(I,J,K)=57 
GO TO 1103 
1113 NOPE(I,J,K)=67 
GO TO 1103 
1114 NOPE( I, J ,K)=567 
1103 CONTINUE 






C BUILD t1=2 GEOMETRY 
200 CONTINUE 
IF(M.NE.2) GO TO 300 
DO 120 J=5,20 
DO 120 K=5,20 
NOPE( 1,J,~)=8 
DO 120 I=1,28 
120 CONTINUE 
C 










IF(Pl.NE.1) GO "0 1200 
DO 10 I=8,20 
DO 10 J=11,12 
DO 10 K=13,16 
NOPE( I, J ,K) =4 
10 CONTINUE 
C 
DO 11 1=11,22 
DO 11 J=13,14 
DO 11 K=13,16 














bo 12 I=21,22 
J=12 




DO 13 I=13,15 
DO 13 J=12,13 






DO 14 1=14,20 
DO 14 K=9,20 










DO 15 I=18,20 
DO 15 K=7,22 










DO 16 I=19,20 
DO 16 J=15,17 






DO 17 I=21,22 
DO 17 J=15,21 





NOPE ( 2 1,2 1 ,15) =O 




C BUILD M=2 GEOMETRY 
C 
C 
C BUILD SOLID PORTION FIRST 
C 
C TREAT SOLID PORTION ON SUBBOUNDARY 
C 
1200 CONTINUE 
IF(M.NE.2) GO TO 1300 
1=2& 




















2 8  
C 
DO 20 J = 9 , 2 4  
DO 20 K=5,20 
NOPE(I,J,K)=4 
CONTINUE 
DO 21 J = 1 3 , 2 0  
DO 2 1  K=1,24 
NOPE ( I ,  J , K) = 4 
CONTINUE 
TREAT SOLID UPPEK BODY 
GO 22 I=17 ,27  
DO 22 J=15 ,24  
DO 22 K=G,19 
NOPE( I , J , K ) = 4  
CONTINUE 
DO 23 I = 1 3 , 1 6  
DO 23 J = 1 3 , 2 0  
DO 2 3  K=6,19 
NOPE( I , J , K ) = 4  
CONTINUE 
DO 24 1=13,16 
DO 24 J=21 ,24  
DO 24 K=7,18 
NOPE(I,J,K)=4 
CONTINUE 
DO 25 I = 1 0 , 1 2  
DO 25  J=13,18 
DO 25  K=6,19 
NOPE( I , J , K ) = 4  
CONTINUE 
1=12 
DO 26 J = 1 9 , 2 3  




DO 27 J = 1 9 , 2 2  




DO 2 8  J=19 ,20  
DO 2 8  K=10,15 
NOPE( I ,  J ,K)=4 
CONTINUE 
I= 9 
5 7  
DO 29 J=18,19 
DO 29 K = 1 1 , 1 4  
N O P E ( I , J , K ) = 4  
29 CONTINUE 
C 
DO 30 I=6 ,9  
DO 3 0  K = 7 , 1 8  
HOPE( I, J ,K )=4  
J=17 
3 0  CONTINUE 
DO 31 I = 4 , 5  
DO 3 1  K = 8 , 1 7  
NOPE ( I, J , K) = 4 
J=16 
3 1  CONTINUE 
C 
C TREAT Y-Z T H I N  P L A N E S ( N O P E ( I , J , K ) = l )  
C 
C BULKHEAD B 1  
C 
I= 4 
DO 3 2  J=9,15 
DO 32 K = 8 , 1 7  
NOPE( I ,  J , R) -1 
32 CONTINUE 
C 
C HOLES I N  B1 
C 
DO 33  J=9,14 
DO 33 K=12,13 
B O P E ( I , J , K ) = O  
3 3  CONTIlJUE 
C 
C BULKHEAD B 2  
C 
I= 6 
DO 34 J=9,16 
DO 34 K = 7 , 1 8  
N O P E ( I , J , K ) P l  
34 CONTINUE 
C 
C HOLES I N  B 2  
C 
DO 35 J=9,10 
DO 35 K = 1 4 , 1 7  
NOPE( I ,  J ,K)=o 
35 CONTINUE 
C 
C BULKHEAD B4 
1-30 
DO 36 J=9,12 
DO 36 K = 6 , 1 9  
N O P E ( I , J , K ) = l  
5 8  
36 CONTINUE 
C 
C HOLES I N  B 4  
C 
DO 37 J=9,10 
DO 37 K = 1 7 , 1 6  
NOPE( I ,  J , K ) = O  
37 CONTINUE 
C 
C BULKHEAD B 6  
C 
I=16 
DO 38 J=9,14 
DO 38 K = 6 , 1 9  
N O P E ( I , J , K ) = l  
38 CONTINUE 
C 
C HOLES I N  B 6  
DO 39 J = 9 , 1 O  
DO 39 K=11),19 
NOPE( I, J ,K)=O 
39 CONTINUE 
C 
C BULKHEAG B 8  
C 
I=20 
LO 40 J=9 ,14  
DO 40  K = 6 , 1 9  
NOPE( I, J , M) = 1 
40 CONTINUE 
C 
C HOLES 111 B 8  
C 
DO 41 J=13,14 
DO 41 K = 1 8 , 1 9  
NOPE( I ,  J , K) =O 
41  CONTINUE 
C 
C TREAT X-Z T H I N  P L A N E S ( N O P E ( I , J , K ) = Z )  
DO 42 I = 4 , 2 7  
DO 42 E;=6,19 
rWPE(  I ,  J ,K)=2  
GO TO 4 2  
42 CONTINUn 
J-9 
I F ( N O P E ( I , J , K ) . E Q . l )  GO TO 420 
420 N O P E ( I , J , K ) = 1 2  
C 
DO 43 I = 4 , 9  
DO 4 3  K = 6 , 1 9 , 1 3  




DO 44 I=4,5 
DO 44 K=7,18,11 
NOPE( I, J , K ) = O  
44 CONTINUE 
C 
C TKEAT X-Y THIN PLANES(NOPE(I,J,K)=3) 
C 
DO 45 I=10,15 
DO 45 J=9,12 
DO 45 K=6,20,14 
IF(NOPE(I,J,K).EQ.2) GO TO 451 
IF(NOPE(I,J,K).EQ.l2) GO TO 452 
NOPE( I, J ,K)=3 
GO TO 45 
450 NOPE ( I, J ,K) =13 
GO TO 45 
451 NOPE(I,J,K)=23 
GO TO 45 
452 NOPE(I,J,K)=123 
45 CONTINUE 
IF(NOPE(I,J,K)eEQ.l) GO TO 450 
DO 46 I=16,27 
DO 46 J=9,14 
DO 46 K=6,20,14 
IF(NOPE(I,J,K).EQ.l) GO TO 460 
IF(NOPE(I,J,K).EQ.2) GO TO 461 
IF(NOPE(I,J,K).EQ.l2) GO TO 462 
NOPE( I,J,K)=3 
GO TO 46 
GO TO 46 






DO 47 I=6,9 
DO 47 J=9,16 
DO 47 K=7,19,12 
IF(NOPE(I,J,K).EQ.l) GO TO 470 
IF(NOPE(I,J,K).EQ.l2) GO TO 472 
NOPE( I, J,K)=3 
GO TO 47 
GO TO 47 
GO TO 47 
47 CONTINUE 
IF(NOPE( I,J,K) eEQ.2) GO TO 471 




DO 48 I=4,5 
DO 48 J=9,15 
DO 48 K=8,18,10 
60 
IF(NOPE(I,J,K).EQ.l) GO TO 480 
IF(NOPE(I,J,K).EQ.2) GO TO 481 
IF(NOPE(I,J,K).EQ.l2) GO TO 482 
NOPE( I,J,K)=3 
GO TO 48 
GO TO 48 
GO TO 48 
48 CONTINUE 
480 WOPE(I,J,K)=l3 
481 NOPE( I, J,K)=23 
482 NOPE( I,J,K)=123 
C 
GO TO 700 
401 FORMAT( lhl , / /  ,5X, 7HIJOPE( I, I2,3H, IC) , / / ) 





3.5.3 S u b r o u t i n e  EADV 
I n  s u b r o u t i n e  E A D V ,  t h e  e q u a t i o n  
+ +  a; + 
V X H = E - + U E  a t  
+ + + 
is a p p l i e d  t o  t h e  scattered f i e l d s  and is used  t o  f i n d  E from E and H a t  
ear l ie r  times. 
of E ,  i .e . ,  Equa t ion  ( 1 )  is w r i t t e n  e x p l i c i t l y  for  each component as 
Th i s  qqtime s t e p p i n g q q  s o l u t i o n  is found f o r  each component 
aE a H x  a H Z  
E a t  y az ax 
A+&' I---- 
These e q u a t i o n s  are cast  i n  t he i r  f i n i t e - d i f f e r e n c e  form and s o l v e d  f o r  E a t  
t h e  l a t e s t  time. Thus 
E;+ 
+ (  
n n 
H:(I,J,K) - H;(I,J,K-I) - H ~ ( I , J , K )  - ~ ~ ( 1 - 1  , J , K )  
Z ( K )  - Z ( K - 1 )  X ( 1 )  - X ( 1 - 1 )  
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(I,J,K) + (bt / tz)  n-112 E " + " ~ ( I , J , K )  Z = E z ( 4 )  
H"(I , J ,K)  - H"( I - I , J ,K)  H ~ ( I , J , K )  n - H~(I,J-I,K) n 
X ( 1 )  - X(1-1) Y ( J )  - Y(J-1) 
EADV is ca l led  e v e r y  program c y c l e  by the  main program, as is the  
S u b r o u t i n e  HADV f o r  advanc ing  t h e  H- f i e lds .  I t  u s e s  t h e  p r i o r  v a l u e s  of  t h e  
f i e l d s  t o  c a l c u l a t e  the  new v a l u e s .  I n i t i a l l y ,  these p r i o r  v a l u e s  a re  zero. 
The f irst  nonze ro  v a l u e s  a re  t h o s e  v a l u e s  f o r  E and  H t h a t  imposed a t  t h e  
sca t te re r ' s  boundary.  These v a l u e s  are accessed by a ca l l  t o  EBC a f t e r  the 
E q u a t i o n s  (21, (31, ( 4 )  have  been  advanced i n  EADV. Thus,  on t h e  n e x t  program 
c y c l e  these v a l u e s  w i l l  be a v a i l a b l e  and  nonze ro  v a l u e s  of the  f i e l d s  o f f  the 
boundary w i l l  s t a r t  a p p e a r i n g  when E q u a t i o n s  (21 ,  ( 3 ) ,  and  ( 4 )  a re  advanced 
a g a i n .  S i n c e  EBC is always cal led a f t e r  the  f i e l d s  a re  advanced,  t h e  p r o p e r  
boundary cond i  t i o n a  are  m a i n t a i n e d .  
A d d i t i o n a l l y ,  E A D V  s t o r e s  t h e  E-f ie ld  components o n e  c e l l  i n  from 
each face of t h e  o u t e r  boundary t h a t  a r e  used  i n  t h e  c a l c u l a t i o n  of the  E-f ie ld  
component v a l u e s  on  t h e  o u t e r  boundary.  T h i s  c a l c u l a t i o n ,  based on  t h e  
r a d i a t i o n  boundary c o n d i t i o n  [2] ,  is performed i n  S u b r o u t i n e  ERAD.  
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Call ERAD I 
I If a l l  the E-field Com- ponents Needed f o r  the Radiation Boundary Cal- culat ions Have Been I Advance EX; E,,, E Z  Stored I 
+ 
Call EBC 
Boundary Calculation i n  
0 Return 















COMMON/~FIELD/EX(29,29,29) ,EY(29,29,29) ,EZ(29,29,29) 
COMMON/HFIELD/HX(29,L9,29),1-iY(29,29,29),~€Z(29,29,29) 
COI.lIWN/EXTKAS/NX, IJY,  NZ , NX1, NY 1, NZ 1, N ,M ,MQ, DT, XiiU, EPSO, EPS , NPTLIM, 
1 NN,NPTS ,UiAX,SIGtlA,C,T,PI,EXPFAC ,IP,TX,TY,TZ,AElP,ALP€iA,BETA,IDLS 











DO 1 I = 1,NXl 
DO 1 J = 2,NYl 
DO 1 K = 2,NZl 
IF(NOPE(I,J,R) .NE.O.ANG.NOPE(I,J,K).NE.l.A~~D.NOPE(I,J,K)~NE.5) 
1 GO TO 1 
1 
EX(I,J,K)=EX(I,J,K)+DTE*((HZ(I,J,K)-HZ(I,J-l,~))*DYI(J) 
-( HY ( I, J ,K)-HY ( I, J , K-1) ) *DZI (K) ) 
1 CONTINUE 
ADVANCE EY 
DO 2 I = 2,NXl 
DO 2 J = 1,NYl 
DO 2 K = 2,NLl 
IF(NOPE(I,J,K) .NE.O.AND.~?OPE(I,J,K).N~.~.AND.NOPE(I,J,K).NE.6) 
EY(I,J,K)=EY(I,J,K)+DTE*((Hi((Z,J,~)-I~X(I,J,K-l))*DZI(~) 
1 GO TO 2 
1 -( HZ( I, J , K ) - U (  1-1, J,K))*DXI( I)) 
2 CONTINUE 
ADVANCE E L  
DO 3 I = 2,NXl 
DO 3 J = 2,NYl 
DO 3 K = 1,NZl 
IF(NOPG(I,J,K) .NE.O.AND.NOPE(I,J,K).NE.3.AND.NOPE(I,J,K).NE.7) 




IF (M.EQ.2) GO TO 10 
IF(N2.IJE.143) CALL ERAD 
10 CONTINUE 
CALL EBC 
IF (M.EQ.2) CALL OUTBND 
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IF (I.l.EQ.2) RETURN 






C ADVANCE EXY 
C 
DO 11 I = 1,NXl 
DO 11 K = 2,NZl 
EXYD(I,K,3) = EXYD(I,K,2) 
EXYD(I,K,2) = EXYD(I,K,l) 
EXYD(I,K,l) = EX(I,2,K) 
EXYU(I,K,3) = EXYU(I,K,2) 
EXYU(I,K,2) = EXYU(I,R,l) 
EXYU( I ,K, 1) = EX( I ,NY 1 ,K) 
11 CONTINUE 
C 
C ADVANCE EXZ 
C 
DO 111 I = 1,NXl 
DO 111 J = 2,NYl 
EXZb(I,J,3) = EXZD(I,J,L) 
EXZD(I,J,Z) = EXZD(I,J,l) 
EXLD(I,J,l) = EX(I,J,2) 
EXLU(I,J,3) = EXZU(I,J,2) 
EXZU(I,J,2) = EXZU(I,J,l) 
EXZU(I,J,l) = EX(I,J,NZl) 
11 1 CONTINUE 
C 
C ADVANCE EYX 
C 
DO 22 J = 1,NYl 
DO 22 K = 2,NZl 
EYXD(J,K,3) = EYXD(J,K,2) 
EYXD(J,K,2) = EYXD(J,K,l) 
EYXD(J,K,l) = EY(Z,J,K) 
EYXU(J,K,3) = EYXU(J,K,2) 
EYXU(J,K,2) = EYXU(J,K,l) 
EYXU(J,K,l) = EY(NXl,J,K) 
22 CONTIWUE 
C 
C ADVANCE EYZ 
C 
DO 222 I = 2,NXl 
DO 222 J = 1,NYl 
EYZD(I,J,3) = EYZD(I,J,2) 
EYZD(l,J,L) = EYZD(I,J,l) 
EYZU(I,J,3) = EYZU(I,J,2) 
EYZU(I,J,2) = EYZU(I,J,l) 
EYZU(I,J,l) = EY(I,J,NZl) 




C ADVANCE ELX 
C 
DO 33 J = 2,NYl 
DO 33 K = 1,NZl 
EZXD(J,K,3) = EZXD(J,K,2) 
EZXD(J,K,2) = EZXD(J,K,l) 
EZXD(J,K,l) = EZ(2,J,K) 
CZXU(J,K,3) = EZXU(J,k,2) 
EZXU(J,K,2) = EZXU(J,K,l) 
EZXU(J,K,l) = EZ(NXl,J,K) 
33 CONTINUE 
c 
C ADVANCE EZY 
c 
DO 333 I = 2,NXl 
DO 333 K = 1,NZl 
EZYD(I,K,3) = EZYD(I,K,2) 
EZYD(I,K,2) = EZYD(I,K,l) 
EZYD(I,K,l) = EZ(I,2,K) 
EZYU( I,K,3) = EZYLJ( I,K,2) 
EZYU(I,K,2) = EZYU(I,K,l) 






3.5.4 Subroutine EBC 
Subroutine EBC s e t s  the appropriate e l e c t r i c  f i e l d  boundary 
conditions fo r  t he  t e s t  item. On the surface of a perfect ly  conducting 
a i r c r a f t ,  the  t o t a l  tangent ia l  E-field vanishes so  
tan  
E: -E t an  
Escat tered incident 
The conditions a re  s e t  i n  one par t  of the subroutine for  any c e l l  t ha t  defines 
a three-dimensional portion of the t e s t  item - Ex, E 
of boundary conditions fo r  the two dimensional surfaces  is done i n  a separate 
par t  of the subroutine. 
and then EZ. The s e t t i n g  Y 
The values of the NOPE array for  the c e l l  and i ts  surrounding c e l l s  
a r e  used t o  determine what the E-field value should be. If NOPE(I,J,K) is 
zero, no ac t ion  is  taken. For a c e l l  w i t h  N O P E ( I , J , K )  = 4, the  three  
surrounding c e l l s  a r e  checked. 
is on the surface and E is s e t  t o  -Eincident.  
is not s e t ,  s ince i t  is then in te rna l  t o  the t e s t  item. 
s i t u a t i o n  fo r  Ex on c e l l  I ,J ,K. 
not a part  of t he  t e s t  item, Ex fo r  cell@would be on an external  surface of 
the item. 
If any one of t he  th ree  is miss ing ,  the  f i e l d  
If a l l  th ree  c e l l s  a r e  present E 
Figure 6 ind ica tes  the 
tan 
I t  is c lea r  t h a t  i f  e i t he r  c e l l @ @  o r @ i s  
Similar s i t ua t ions  can be defined for  E and EZ.  Y 
I n  addi t ion,  i f ,  fo r  E x ,  c e l l  I,J,K is t he  outermost c e l l  i n  e i ther  
the J or the K d i r ec t ions ,  the Ex values a t  the f a r  edges of t h i s  l a s t  c e l l  a r e  
s e t  equal t o  -Eincident. i f  the  c e l l  is the outermost 
i n  e i t h e r  the I or K d i rec t ions  and for  E Z ,  i n  the I o r  J direct ions.  
tan The same is done for  E 
Y '  
If NOPE defines a two-dimensional surface,  the appropriate E-f i e ld  
If the surface is i n  the X-Y plane, tan components a r e  s e t  equal t o  -E incident 
for  example, Ex on the  two s ides  of the rectangle  defined by  the  c e l l  and E 




ISJ- l  ,K-1 
Figure  6. Determine  E-Field Boundary C o n d i t i o n s  
For  a l o s s y  d i e l ec t r i c  a i r c ra f t  o r  a n  a i r c ra f t  composed, i n  p a r t ,  by 
a l o s s y  d i e l ec t r i c ,  t h e  boundary c o n d i t i o n  is g i v e n  by 
aBi 
+ a P  = 3 x AS - agi - (€--EO) - aBs a t  a t  E -  
T h i s  boundary c o n d i t i o n  h o l d s  w i t h i n  t h e  l o s s y  d i e l ec t r i c  volume. I t  may be 
c o n s i d e r e d  a volume boundary c o n d i t i o n .  I n  t h e  l i m i t ,  o + a, it becomes t h e  
s u r f a c e  boundary c o n d i t i o n  
t a n  
= -E t a n  E x a t  tered i n c i d e n t  
fo r  p e r f e c t l y  c o n d u c t i n g  s u r f a c e s .  
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S o l i d  b l o c k s  (3-d imens iona l  bodies)  and  p l a t e s  (2-d imens iona l  b o d i e s )  
a re  treated much t h e  same as for  t h e  p e r f e c t l y  c o n d u c t i n g  c o u n t e r p a r t s ,  e x c e p t :  
1 )  t h e  volume boundary c o n d i t i o n  is used  
2 )  t h e  NOPE a r r a y  v a l u e s  of  1 ,2 ,3 ,12 ,13 ,23 ,123 ,  and 4 are  r e p l a c e d  by 
5,6,7,56,57,67,567 and  8 r e s p e c t i v e l y  
3) the p l a t e s  have  t h i c k n e s s  TX, TY and TZ i n  t h e  x ,  y and  z 
d i r e c t i o n s  r e s p e c t i v e l y ,  where t h e  t h i c k n e s s  is  e x p r e s s e d  as a 
f r a c t i o n  of t h e  c e l l  d imens ion  i n  t h e  a p p r o p r i a t e  d i r e c t i o n  
4 )  t h e  volume boundary c o n d i t i o n  is s l i g h t l y  modif ied,  as d i s c u s s e d  
d i s c u s s e d  i n  Appendix A: Th in  Plate Formalism, t o  more a c c u r a t e l y  
model p l a t e s .  
The g e n e r a l i z e d  f l o w  of the  S u b r o u t i n e  EBC is g i v e n  i n  F i g u r e  7. The 
d e t a i l s  o f  t h e  flow t h r o u g h  t h e  p e r f e c t l y  c o n d u c t i n g  p o r t i o n  of EBC a re  g i v e n  
i n  F i g u r e  8. 
S u b r o u t i n e  EBC is cal led from EADV. E I N C X ,  E I N C Y ,  and E I N C Z  are ca l led  by EBC. 
The lossy  d i e l ec t r i c  p o r t i o n  f o l l o w s  t h e  same approach .  
Thin  wires r e p r e s e n t i n g  t h e  l i g h t n i n g  c h a n n e l s  and  i n t e r i m  wires (M=l 
and 1 2 )  a re  a l s o  i n p u t  i n  EBC. 
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' If C e l l  J 




i e g i o n  i n  
h i c h  EBC 
u s t  Be Set 
I 
12D Per. Con4 
1-1 t e r s  o r  O S S Y  
ID i e l  e c t  r i  cs (c .  D.) I  
\No 
e t  B.C. for 
30 Lossy 
D i e l  ec tri c 
2D Lossy 
i e l  ec tri c 
F i g u r e  7. G e n e r a l i z e d  Flow C h a r t  of S u b r o u t i n e  EBC 
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COmiON/  t i F I E L D / H X (  29 ,29 ,29 )  , HY (29 ,29 ,29)  , H Z ( 2 9 , 2 9 , 2 9 )  
COPlMON/GKID/X(28) , Y ( 2 8 )  ,Z( 28)  , X O ( 2 9 )  , Y O ( 2 9 )  ,20(29) ,  
2 ~XI(29),DYI(29),DZI(29),~XOI(28),DYOI(28),D~~I(2~) 
1 DX(29),DY(29),DZ(29),DXO(28),DY0(28),~~~(28), 
C o I . w O N / T S I T E M / N O P E ( 2 9  ,29,29)  
C O ~ ~ I ~ O N / E X T R A S / N X , N Y ,  NZ ,NX1,  NY1 , N Z 1  , N ,  M,MQ ,DT,XMlJ , E P S O , E P S  , N P T L I M  , 
1 I ~ N , N P T S , L b ~ X , S I G I ~ , C , T , P I , E X P F A C , I P , B E T A , I D L S  
I F ( I D L S . E Q . 0 )  GO TO 1 
I F ( M . N E . 1 )  GO TO 2 
UNEXPANDED L I G H T N I N G  CHANNELS 
DO 3 J = 1 3 , . 2 8  
E Y ( 8 , J , 1 5 ) = 0 . 0  
CONTINUE 
DO 4 J=1,11 
E Y ( 2 2 , J , 1 5 ) = 0 . 0  
CONTINUE 
GO TO 1 
CONTINUE 
I F ( M . N E . 2 )  GO TU 5 
EXPANDED L I G H T N I N G  CHANNELS 
UO 6 J=9,28  
E Y ( 5 , J , 1 3 ) = 0 . 0  
CONTINUE 
GO T O  1 
CONTINUE 
CONTINUE 
LOOP OVER REGION I N  WHICH EBC MUST BE S E T  
DO 500 I = l , N X 1  
DO 500 J = l , N Y l  
DO 500 K - 1 , N Z l  
I F ( M . E Q . 1 )  GO TO 12 
TX=O 008 
TY=O. 02  













IF(NOPE(I,J,K).EQ,O)GO TO 500 
IF (NOPE(I,J,K).NE.4) GO TO 60 
SET BOUNDARY CONDITIONS ON PERFECTLY CONDUCTING 3-D BODY 
SET EX 
IF((J-l).EQ.O.OR.(K-l).EQ.O) GO TO 18 
IF(I~OPE(I,J,K-1).EQ.4.AND.NOPE(I,J-1,K-1).EQ.4.AND. 
EX(I,J,K)=-EINCX(I,J,K) 
IF(NOPli(I,J+l,K).EQ.4)GO TO 15 
EX(I,J+l,K+l)=-EIiKX(I,J+l,K+l) 
EX(I,J+l,K)=-EINCX(I,J+l,K) 
15 IF(NOPE(I,J,K+l).EQ.4)GO TO 20 
EX(I,J,K+l)=-EINCX(I,J,K+l) 
EX(I,J+l,K+l)=-EIt.ICX( I,J+l,K+l) 





IF((L-l).EQ.O.OR.(K-l).EQ.O) GO TO 38 













EY ( I, J ,K)=-EINCY ( I, J ,K) 
CONTINUE 
IF(NOPE(I+l,J,K).EQ.4)GO TO 35 
EY(I+l,J,K+l)=-EINCY(I+l,J,K+l) 
EY(I+l,J,K)=-EINCY(I+l,J,K) 





IF((I-l).EQ.O.OR.(J-l).EQ.O) GO TO 500 
IF(NOPE(I-1,J,K).EQ.4.AND.NOPE(I-1,J-1,K)~EQ.4.AND~ 
lNOPE(I,J-l,K).EQ.4)GO TO 50 
EL(I,J,K)=-EINU(I,J,K) 
CONTINUE 
IF(NOPE(I+l,J,K).Eq.4)GO TO 55 
EZ(I+l,J,K)=-EINCX(I+l,J,K) 
EZ(I+1,J+1,K)=-EINCZ(I+l,J+l,K) 
IF(NUPE(I,J+l,K).EQ.4)GO TO 500 
EZ(I+l,J+l,K)=-EINCZ(I+l,J+l,K) 
EZ(I,J+l,K)=-EINCZ(I,J+l,K) 
GO TO 500 
CONTINUE 
7 4  
IF(NOPE(I,J,K).NE.1.AND.N0PE(I,J,K).NE.12.AND.NOPE(I,J,K).NE.l3. 
1 A N D . M O P E ( I , J , K ) . N E . 1 2 3 . A " O P E ( I , J , K ) . N E . 2 . ~ D .  
2 NOPE(I,J,K).NE.23.AND.NOPE(I,J,K).NE.3)GO TO 510 
C 
C SET BOUNDARY CONDITIONS ON PERFECTLY CONDUCTING 2-D BODY 
c 
IF(NOPE(I,J,K).NE.1.AND.NOPE(I,J,K).N~.l2.AND.NOPE(I,J,K).NE.l3. 
1 AND.NOPE(I,J,K).NE.123) GO TO 70 
C 





EZ( I, J ,K)=-EINCZ( I, J,K) 
IF(NOPE(I,J,K).EQ.l2.OR.NOPE(I,J,K).EQ.123) GO TO 70 
IF(NOPE(I,J,K).EQ.l3) GO TO 80 


























I F ( N O P E ( I , J , K ) . E ~ . 2 3 . O R . N O P E ( I , J , K ) . E Q . 1 2 3 )  GO TO 80 
GO TO 500 
CONY IN UE 
X-Y PLANE 




GO TO 500 
CONTINUE 
























IF(NOPE(I,J,K).NE.8)GO TO 600 
SET BOUNDARY CONDITIONS ON LOSSY DIELECTRIC 3-D BODY 
SET EX 
T.P((J-1).EQ.O.OR.(K-l)~EQ.O) GO TO 200 
EX( I, J ,K)=( EX( I, J ,K) *EXPOZJ)+( ( XEXP)* (-EINCX( I, J ,I<) 
1 -((EPS-EPSO)*RSIGMA)*DEINCX(I,J,K) 
2 +( ( ( H Z (  I, J ,K)-HZ( I, J-1 ,K) ) *DYI( J) ) 
3 -((HY(I,J,K)-HY(I,J,K-l))*DZI(K)))*RSIGMA)) 








3 -( (HY ( I, J+1, K+l )-HY ( I, J+1, K) ) *DZI (K+1) ) ) “RSIGMA) ) 





2 +( ( (HZ ( I, J , K+1 )-IIZ( I, J-1, K+1) )*DYI (J ) ) 
C 
EX(I,J+l,K+l) =(EX(I,J+l,K+1)*EXPON)+((XEXP)*(-EINCX(I,J+l,K+l) 












3 -( (HZ(I,J,K)-IIZ( I-1,J,K))*DXI(I)))*RSIGMA)) 
C 
C 













250 IF(NOPE( I, J,K+l) .EQ.8)CO TO 300 
EY(I,J,~+1)=(EY(I,J,K+1)*EXPON)+((XEXP)*(-EINCY(I,J,K+l) 




















IF(NOPE(I+l,J,K).EQ.8)GO TO 350 
EZ(I+l,J,K)=(EZ(I+1,J,K)*EXPON)+((XEXP)*(-EINC~(I+l,J,K) 

















1-( (EPS-EPSO)*RSIGlIA)*DEINCZ( I, J+1 ,K) 


















SET BOUNDARY CONDITIONS ON LOSSY DIELECTRIC 2-D BOCY 
I F ( ( I - 1 ) . E Q . O . O R . ( J - 1 ) . E ~ . O R . ( K - 1 ) . E Q . O )  GO TO 500 
IF(NOPE(I,J,K).NE.5.AND.NOPE(I,J,K).NE.56.AND.NOPE(I,J,K). 













3 - ( ( kix( I, ~ + 1 ,  K)-tu( I, J , K) ) *L)Y I ( ~ + 1 )  )  *RSIGI?A*TX) ) 
EZ(I,J,K)=(EZ(I,J,K)*EXPDX)+((XEXPX)*(-EINC~(I,J,K) 
1 -( (EPS-EPSO) *RS TGHA) *DE INCZ( I, J , K) 
2 +(((tiY(I,J,K)-HY(1-l,J,K))*DXI(I)) 
3 -((HX(I,J,K)-HX(1,J-l,K))*DYI(J)))*KSICM*TX)) 
IF(NOPE(I,J,K).EQ.56) GO TO 700 
IF(WOPE(I,J,K).LQ.57) GO TO 800 
IF(NOPE(I,J,K).EQ.567) GO TO 700 
GO TO 500 
700 IF(NOPE(I,J,K).NE.6.AND.I?OPE(I,J,K).NE.67.AI~D. 
1 NOPE(I,J,K).NE.56.AND.IJOPE(I,J,K).NE.567) GO TO 800 
C 
C X-Z PLANE 
C 









- ( ( E PS -E P S 0 ) * RS I GHA) *DE INCX ( I, J , K+1) 
+( ( ( HZ ( I, J , K+1) -HZ ( I, J-1, K+1) ) *DY I (J ) ) 
-( (liY ( I, J, K+l)-HY ( I, J ,K)  ) *DZI( K+1) ) ) *RSIGklA*TY) ) 
C 
EZ(I+~,J,K)=(E~(I+~,J,K)*EXPDY)+((XEXPY)*(-EINC~(I+~,J,K) 
1 -( (EPS-EPSO)*RSIGllA)*DEINCZ( I+1, J,K) 
2 +( ( (HY( I+1, J, K)-HY (I, J ,I<) )*DXI ( I+1) ) 
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c 3  -((€~X(I+l,J,K)-IIX(I+l,J-l,K))*DYI(J)))*RSIGMA*TY)) 
I EZ(I,J,K)=(EZ(I,J,K)*EXPDY)+((XEXPY)*(-EIN~Z(I,J,K) 
1 -( (EPS-EPSO)*RSIGllA)*DEINCZ( I,J,K) 
2 +(((HY(I,J,K)-HY(1-l,J,K))*DXI(I)) 
3 -( ( HX( I, J , K) -HX( I, J-1, K) ) *DY I (J) ) ) *KSIGIU*TY) ) 
C 
i 
I -  
I IF(NOPE(I,J,K).EQ.67.OR.NOPE(I,J,K).EQ.567) GO TO 800 













-( ( ~ I Y  ( I, ~ + i ,  L)-HY ( I, ~ + i ,  K-I *DZI ( K) ) *RSIGMA*TZ) ) 
2 +( ( (HZ(  I, J+1, K)-KZ( I, J , K) )*DY I( J+1) ) 
c 3  
EY(I,J,K)=(EY(I,J,K)*EXPDZ)+((XEXPZ)*(-EINCY(I,J,K) 












IF(NWIKE.EQ.0) GO TO 550 
IF(M.NE.2) GO TO 550 
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C 







DO 901 I=7,10 
EX(I,J,K)=-EINCX(I,J,K) 
901 CONTINUE 






DO 902 I=11,16 
EX(I,J,K)=-EINCX(I,J,K) 
902 CONTINUE 














C B8 ON TO END 
L 






























3.5.5 S u b r o u t i n e  ERAD 
S u b r o u t i n e  ERAD e v a l u a t e s  t h e  e x p r e s s i o n  
E (R,D,ELl,EL2,EL3,Ll,L2,L3,TH) - R/D* 
(EL1 * (L2 - L3) * (L2*L3 + 'I" * (L2 + L3) + TH**2) + 
EL2 * (L3 - L1) * (L3*Ll + TH * (L3 + L1) + TH**2) + 
EL3 * (L1 - L2) * (L1*L2 + TH * (L1 + L2) + TH**2)). 
It s u b s t i t u t e s  t h e  r e s u l t s  for t h e  EADV-determined v a l u e s  of t he  f i e l d  
components which are on  t h e  s u r f a c e  of t h e  problem c e l l  s p a c e  (shown i n  
F i g u r e  9 )  a c c o r d i n g  t o  the p r e s c r i p t i o n :  
EXY D ( 
EZYU(I,K, 3) ,L1 ,L2,L3 ,THZY(I,K,2)) (2R) 
This  s u b s t i t u t i o n  imposes a f a r  f i e l d  b e h a v i o r  on  the  ou te rmos t  
r e g i o n  o f  t h e  problem c e l l  space .  
a s sumpt ion  t h a t  t h e  o u t e r m o s t  e l e c t r i c  f i e l d  components of  F i g u r e  9 and t h e  
c o r r e s p o n d i n g  e l e c t r i c  f i e l d s  t h a t  a r e  o n e  c e l l  i n  from t h e  o u t e r  s u r f a c e ,  
behave as f a r  f i e lds , "  t h a t  is, 
Equa t ion  (1) is d e r i v e d  d i r e c t l y  from t h e  
E = f ( e , @ > g ( t - r / c ) / r  o r  e q u i v a l e n t l y  (3) 
*As a r e s u l t ,  f i e l d s  on  t h e  o u t e r m o s t  edges a re  n o t  w r i t t e n  o v e r ,  b u t  t h i s  d o e s  
n o t  e f fec t  t h e  i n t e r i o r  r e s u l t s .  
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F i g u r e  9. F i e l d  Components a t  t h e  O u t e r  Boundary of t h e  Cell  Space  
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n + 1 / 2 ( ~ , ~ , ~ )  as an  example,  Thus, t a k i n g  E 
Y 
n + l / 2  ( l , J , K )  e ( J , K , [ ( n + l / 2 ) A t  - R y x ( l , J , K ) / c l )  (4) 
R Y X  ( l , J , K )  Ey Y 
n + l / 2  ( 2 , J , K )  E e ( J , K , [ ( n + l / 2 ) A t  - R ( 2 , J , K ) / c l )  ( 5 )  
R YX (2 , J ,K)Ey  Y YX 
where R is t h e  d i s t a n c e  t o  t h e  E component. 
YX Y 
n+l  /2-Ri 
Y 
( 2 , J , K ) ,  i .e . ,  t h e  outer  boundary f i e l d  component e x p r e s s e d  i n  terms of an 
i n t e r i o r  c o r r e s p o n d i n g  f i e l d  component a t  various time o f f s e t s ( k i ) .  
( 1 )  is ,  t h e r e f o r e ,  rewritten as ,  
(I,J,K) e x p r e s s e d  i n  terms of E n + l / 2  What is d e s i r e d  is E Y 
E q u a t i o n  
R y x ( l , J , K )  E Y ( l , J , K )  = e Y + A t  n + l / 2  
R .(2,J,K) - R x ( l , J , K )  - R , (2 ,J ,K) 
C 
where 
R x ( l , J , K )  - R .(2,J,K) 
e r l - ”  
Y X  c 4 t  
a n d  E q u a t i o n  ( 2 )  is rewrit ten w i t h  a time s h i f t  R i  as, 
(2 , J ,K)  = 
n-l/2-Ri R(2 , J ,K)  Ey 
( 7 )  
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I t  c a n  be s e e n  t h a t  E q u a t i o n s  ( 6 )  and  (8)  a re  i d e n t i c a l  e x c e p t  f o r  R i  
Ei the r  E q u a t i o n  ( 6 )  o r  (8)  c a n  be expanded i n  
The f i r s t  three terms of M a c l a u r i n ' s  series 
i n  p l a c e  of e 
Y X  
terms of t h e  time R i A t  or  8 
are used  so  t h a t  
i n  E q u a t i o n  ( 8 ) .  
A t .  
Y X  
( l , J , K )  = A + B ( 0  A t )  + C ( 0  A t l 2  n + l / 2  R Y X  ( l , J , K )  E Y Y X  Y X  ( 9 )  
(10)  
2 n-l/2-Ri ( 2 , J , K )  = A + B ( R i A t )  + C ( R i A t )  . 
Y R ( 2 , J , K )  E Y X  
I f  three d i f f e r e n t  v a l u e s  of R i  are  selected,  t h e n ,  from 
E q u a t i o n  ( l o ) ,  we o b t a i n  three e q u a t i o n s  f o r  t h e  three unknown A ,  B and  C i n  
'-'l2-'i, t h e  three v a l u e s  of R terms of t he  three v a l u e s  of E Y 
a l l  of which are  know i f  R i  L -1. 
are 
and  R 
i Y X  ( 2 ,  J , K )  , 
Therefore, A ,  B and  C c a n  be d e t e r m i n e d  and  
A = [En- ' / 2 -R i (2 , J ,K)R2R3(k2  - R 3 )  ( 1 1 )  
Y 
+ E  '-' l2- ' i (2 ,  J ,  K )  R 3 R 1  ( R 3  - R, ) 
Y 
n-l/2-R1 2 2 
B = [Ey (2 , J ,K)  (I2 - R 3  1 
n-l/2-R 3 2 2 
+ E  ( 2 , J , K )  ( a ,  - E2 1 3  R Y X  ( 2 , J , K ) / D A t  
Y 
( 2 , J , K )  ( R 3  - R l )  n-l/2-R2 
Y 
+ E  
( 1 2 )  
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where D is t h e  d e t e r m i n a n t  
D = R R ( R  - R 3 )  + R R ( 1  - kl) + R l R 2 ( R l  - R 2 )  2 3  2 3 1  3 
Knowing A ,  B and C ,  E q u a t i o n  ( 9 )  immedia te ly  y i e l d s  
A + B(O A t )  + C ( O y x A t )  2 
En+ 1 /2 ( 1 , J , K )  = Y X  
Y R ( l , J , K )  
Y X  
(15)  
T h i s  is t h e  d e s i r e d  result  of E n+1'2(I,J,K) expres sed  i n  terms of  E n-ll2-R-i 
Y X  
Y Y 
3' and other known q u a n t i t i e s ,  namely R ( I ,J ,K),  Ryx(2 ,J ,K)  and R 1 ,  R 2  and !2 
The l a s t  e q u a t i o n ,  Equa t ion  (151, is i d e n t i c a l  t o  t h e  e x p r e s s i o n ,  
Equa t ion  ( 1 1 ,  t h a t  ERAD e v a l u a t e s .  
For example,  t h e  terms E X ( I , 2 , K ) ,  EXYD(I,K,2), and  E X Y D ( I , K ,  3) i n  
Equa t ion  ( 2 a )  are  t h e  backstored v a l u e s  of EX a t  J = 2 t h a t  a re  used  t o  
c a l c u l a t e  EX(1,l ,K). They a r e  found i n  S u b r o u t i n e  EADV. The q u a n t i t i e s  D ,  L1, 
L 2 ,  L 3 ,  T H X Y ( I , K , l )  c o r r e s p o n d  t o  D,  E l ,  R 2 ,  and  0 
ERAD as a r e  E l ,  R 
from t h e  o u t e r  boundary. The R ' s  a re  s p r e a d  enough i n  time t o  c o r r e s p o n d  t o  
t h e  p r o p a g a t i o n  t i m e  across t h e  expanded c e l l  boundary.  R e f e r e n c e  2 de t a i l s  
what r e q u i r e m e n t s  on  t h e  R i  and ,  hence ,  on  N 2  and N3 i n  EADV must  be met. 
when c o n s t a n t  mesh s i z e  is u s e d  c a n  t h e  k 
e x p r e s s i o n  i n  Equa t ion  ( 1 )  g o e s  o v e r  e x a c t l y  t o  t h e  e x p r e s s i o n  I n  S e c t i o n  2.3. 
The v a l u e  o f  R 
s u b r o u t i n e )  is d e t e r m i n e d  i n  S u b r o u t i n e  SETUP, as is t h e  v a l u e  of T H X Y  ( I , K , l ) .  
S i n c e  they a re  geometry dependent  q u a n t i t i e s ,  t h e y  need o n l y  be found once ,  
hence ,  their  p r e s e n c e  i n  SETUP. 
( 1 , K ) .  D is  c a l c u l a t e d  i n  
and  R and t h e  c o r r e s p o n d i n g  s t o r e d  v a l u e s  of E o n e  c e l l  i n  




I n  t h i s  case, t he  = - 1 ,  R2=0, R = l .  
1 3 
( I , K , l )  (which r e p r e s e n t s  R 
X Y  X Y  
( I , K , 2 ) / R x y ( I , K , 1 )  i n  t h i s  
Flow f o r  S u b r o u t i n e  ERAD is as  shown i n  F i g u r e  10. Local v a r i a b l e s  
are  described i n  Table 5. S u b r o u t i n e  ERAD is cal led by EADV. 
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De term inant 
Time s h i f t s  f o r  backstored data  i n  
number of cycles 
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Start 0 
I Define Function E ( R , D , E L l  , E L 2 , E L 3 , L l  ,L2,L3,TH) I 
Calculate Ll,L2,L3 
Using Values of N2,N3 
From EADV 
, Evaluates E a t  the Six Outer 
Faces (for the Two E-Field 
Components on Each Face) 
(Uses Backstored Interior 
E-Field Data from EADV and 
Geometrical Quantities 
Determined in SETUP) 
I . .  
0 Return 
Figure 10. Flow Chart for Subroutine ERAD 
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KXZ( 28,29,2) ,KYZ(29,28,2) ,TtlYX( 28,29,2) ,TliZX(29,28,2), 
THXY(28,29,2) ,THZY (29,28,2) ,THXZ( 28,29,2) ,THYZ( 29,28,2) 
CO~lON/EBS/EYXD(28,29,3),EYXU(28,29,3),E~XD(29,2~,3),EZXU(29,28,3) 








IF( De EQ 0 ) D=l E-9 
RADIATE EXY 
DO 11 I=l,NXl 




1 L 1 , L2, L3, THXY ( I, K, 2 ) ) 
11 CONTINUE 
RADIATE EXZ 
DO 111 I=l,NXl 







DO 22 J=l,NYl 









C RADIATE EYZ 
C 
DO 222 1=2,NXl 







C RADIATE EZX 
C 
DO 33 J=2,NY1 







C RADIATE EZY 
C 
DO 333 1=2,NXl 
DO 333 K=l,NZl 
EZ(I,l,K)=E(RZY(I,K,1),D,EZ(I,2,K),EZYD(I,K,2),~ZYD(I,K,3), 
EZ(I,NY,K) =E(RZY(I,K,2),D,EZ(I,NYl,K),EZYU(I,K,2),E~YU(I,K,3), 







3.5.6 S u b r o u t i n e  HADV 
I n  s u b r o u t i n e  H A D V ,  t h e  e q u a t i o n  
a H  
-p E V X E =  (16 )  
is a p p l i e d  t o  t h e  scattered f i e l d s  and  is used  t o  f i n e  H from E and  H a t  
ear l ier  times. T h i s  "time s t e p p i n g t 1  s o l u t i o n  i s  found for  each component of H ,  
i .e . ,  Equa t ion  ( 1 6 )  is w r i t t e n  e x p l i c i t l y  f o r  each component as 
a H S  X aES Z aE; 
- - -  
a t  ax ay 
These e q u a t i o n s  a re  cas t  i n  t h e i r  f i n i t e - d i f f e r e n c e  form and  s o l v e d  f o r  H a t  
t h e  l a t e s t  time. Thus 
( I , J , K )  J+I  , K )  - n-112 
( I , J , K )  - ( A t / u )  Yo( J+1) - Y o ( J )  
H;(I,J,K) = H~ n- 1 ( 1 7 )  
( I , J , K )  ( I , J , K + l )  - Ex n-112 
Z o ( K + l )  - Z o ( K )  H" ( I , J ,K)  = H~ n- 1 ( I , J , K )  - ( ~ t / d  ( (18)  Y 
( I , J , K )  
n-112 
E n - l l 2 ( I + 1  , J , K )  - EZ z - 
X 0 ( I + 1 )  - X 0 ( I )  
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( I ,  J ,  Io En-l /2  ( I + l , J , K )  - E n - l /2  
H:(I,J,K) = H:-' ( I , J , K )  - ( A t / u )  ( X 0 ( I + 1 )  - X 0 ( I )  ( 1 9 )  
n- l /2  
EX 
( I , J + l , K )  - n- l /2  - EX 
Y ( J + 1 )  - Y o ( J )  
0 
I t  is assumed t h a t  p = po f o r  a l l  r e g i o n s  o f  t he  problem s p a c e .  
HADV is cal led e v e r y  program c y c l e  by D R I V E R  t o  advance  t h e  H - f i e l d s ,  
j u s t  as S u b r o u t i n e  E A D V  is cal led e v e r y  program c y c l e  t o  advance  t h e  E-f ie lds .  
It u s e s  t h e  p r i o r  v a l u e s  of t h e  f i e l d s  t o  c a l c u l a t e  t h e  new v a l u e s .  I n i t i a l l y ,  
these p r i o r  v a l u e s  a re  z e r o .  
These v a l u e s  a r e  accessed by  a c a l l  t o  EBC i n  t h e  S u b r o u t i n e  EADV f o r  advanc ing  
t h e  E-f ie lds .  Thus, on  t h e  n e x t  program c y c l e  these v a l u e s  w i l l  be a v a i l a b l e  
and nonze ro  v a l u e s  of t h e  f i e l d s  off t h e  boundary w i l l  s t a r t  a p p e a r i n g  when 
Equa t ions  ( 1 7 ) ,  ( 1 8 ) ,  a n d  (19)  are  advanced a g a i n .  Since EBC is a l w a y s  ca l led  
a f t e r  t h e  f i e l d s  a re  advanced ,  t h e  p r o p e r  boundary c o n d i t i o n s  a re  m a i n t a i n e d .  
The f i r s t  nonze ro  v a l u e s  a re  those v a l u e s  f o r  E. 
HADV a l so  d e f i n e s  a loop o f  H f i e l d s  t h a t  d r i v e s  the l i g h t n i n g  c h a n n e l  
f o r  M = l .  
The o n l y  v a r i a b l e  u s e d  l o c a l l y  i n  HADV is DTMU, which is e q u a l  t o  
At/p.  Flow f o r  t he  s u b r o u t i n e  is shown i n  F i g u r e  1 1 .  
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S t a r t  (7 1 Advance H;, Hy, HZ 1 
R e t u r n  0 




COI.MON/ llFIELD/ HX( 29,29,2 9) , HY ( 29,29,29) , tlZ (29,2 9,29) 








C ADVANCE HX 
DTXMU = DT/DlU 
, C 
DO 1 I = 2,NXl 
DO 1 J = 1,NYl 
DO 1 K = 1,NZl 
HX(I,J,K) = HX(I,J,K) - DTXMU*((EZ(I,J+l,K) - EZ(I,J,K))*DYOI(J) 
1 - (EY(I,J,K+l) - EY(I,J,K))*DZOI(K)) 
1 CONTINUE 
C 
C ADVANCE kIY 
L 
DO 2 I = 1,NXl 
DO 2 J = 2,NYl 
DO 2 K = 1,NZl 
HY(I,J,K) = HY(I,J,K) - DTXFIU*((EX(I,J,K+l) - EX(I,J,K))*DZOI(K) 






DO 3 I = 1,NXl 
DO 3 J = 1,NYl 
DO 3 K = 2,NZl 
HZ(I,J,K) = HZ(I,J,K) - DTXMU*((EY(I+l,J,K) - EY(I,J,K))*DXOI(I) 




IF(IDLS.EQ.0) GO TO 1 
C 
IF(Pl.NE.1) GO TO 1 
M=1 LOOP,H-LOOP SOURCE 
M=2 LOOP NOT TREATED-SOURCE MUST BE OUTSIDE THE PROBLEM SPACE 
















There a re  n i n e  f u n c t i o n s *  used  f o r  c a l c u l a t i n g  t he  s i x  i n c i d e n t  E- and  
H- f i e ld  components:  E I N C X ,  EINCY,  E I N C Z ,  EINCXP,  EINCYP, E I N C Z P ,  H I N C X P ,  
H I N C Y P ,  and H I N C Z P .  The f irst  l e t t e r  i n  t h e  f u n c t i o n ,  E o r  H ,  t e l l s  what 
f i e l d ;  t h e  n e x t  three le t te rs ,  I N C ,  i n d i c a t e  t h a t  these are  i n c i d e n t  f i e l d  
components;  t h e  n e x t  l e t t e r ,  X ,  Y o r  Z ,  s ta te8 what component is  e v a l u a t e d  a t  a 
p o i n t  i n  s p a c e  located a t  XP, YP, ZP and i f  P is  n o t  p r e s e n t  t h e  f i e l d  
component is e v a l u a t e d  a t  t h e  f i e l d  component l o c a t i o n  i n  t h e  ce l l  s p a c e  
labeled by I,J,K. E I N C X ,  EINCY,  and EINCZ are cal led from S u b r o u t i n e  EBC. The 
others a re  cal led by S u b r o u t i n e  DATASAV.  
Two d i f f e r e n t  s o u r c e s  for  t h e  i n c i d e n t  f i e l d s  a r e  c o n s i d e r e d :  
1 )  d i r ec t  s t r ikes ;  
2)  i n d i r e c t  i l l u m i n a t i o n  
Direct s t r i k e s  a re  modeled by  H- f i e lds  impressed  a round  a p e r f e c t l y  
c o n d u c t i n g  wire l e a d i n g  t o  t h e  a i r c r a f t  t h a t  r e p r e s e n t s  t h e  l i g h t n i n g  channe l .  
If a l i g h t n i n g  channe l  r e s i s t a n c e  is desired,  t h e n  u s e  t h e  method o u t l i n e d  i n  
Appendix D ,  i n  t h e  d i s c u s s i o n  on  e x c i t a t i o n  s o u r c e s .  
d e t e r m i n e  t h e  l i g h t n i n g  c h a n n e l ' s  c u r r e n t  time h i s t o r y .  I n d i r e c t  i l l u m i n a t i o n  
is modeled by t h e  f i e l d s  d i r e c t l y  i l l u m i n a t i n g  the a i r c r a f t ,  such  as E I N C X  and 
H I N C Z  broad3 i d e  i l l u m i n a t i o n  from above.  
The s p e c i f i e d  H-f ie lds  
* While these f u n c t i o n s  a re  n o t  s u b r o u t i n e s  p e r  se, they  are  similar enough i n  
n a t u r e  t o  w a r r a n t  i n c l u s i o n  i n  t h i s  s e c t i o n ,  a s  opposed t o  h a v i n g  a s e p a r a t e  
s h o r t  s e c t i o n  of t he i r  own. 
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FUNCTION EINCX( I, J , K) 
COMMON/UGKID/UX(28),UY(28),UZ(2~),UXO(29),UYO(~~),UZO(~~) 




COMEION/EXTRAS/NX,NY, NZ , NX1, NY1 ,NZ 1 ,N, M,MQ , DT, XMJ, EPSO, EPS , NPTLIM, 
1 NN,NPTS,LLlAX,SIG~~,C,T,PI,EXPFAC,IP,TX,TY,TZ,AMP,ALPHA,BETA,IDLS 
DX(29) ,DY(29) ,DZ(29) ,DX0(28) ,DY0(28) ,DZ0(28), 




EINCX = 0.0 
IF(IDLS.EQ.1) GO TO 1 
TAU = T - (UYO(23) - YO(J))/C 









2 D X I ( 2 9 ) , D Y I ( 2 9 ) , D Z I ( 2 9 ) , D X O I ( 2 8 ) , D Y O I ( 2 3 ) , D Z O I ( 2 8 )  
COMI?ON/EXTRAS/NX, NY, NZ ,NX1, NY 1, NZ1, N, M,PiQ, DT, XMU, EPSO, EPS , NPTLIM , 
1 NN, NPTS , LMAX, SIGMA, C, T, P I, EXPFAC, IP, TX,TY ,TZ ,AMP,ALPHA, BETA, IDLS 
DEINCX=O.O 
IF(IDLS.EQ.1) GO TO 1 
TAU=T-(UYO(23)-Y~(J))/C 






COM1.lON/UGRID/UX(28) ,UY(28) ,UZ(28) ,uxo(29) ,UYO(29) ,UZO(29) 








































COMMON/GRID/X(28) ,Y(28) ,Z(28) ,XO(29) ,YO(29) sZO(29) 
1 DX(29) ,DY(29) ,DZ(29) ,DX0(28) ,DY0(28) ,DZ0(28) , 
2 DXI(29),DYI(29),D~I(29),DXOI(28),DYOI(28),D~OI(28) 
1 NN,NPTS,LMAX,SIGMA,C,T,PI,EXPFAC,IP,TX,TY,TZ,AMP,ALP~,BETA,IDLS 
COMMON/EXTRAS/NX, NY, NZ , N X ~  ,NY 1, N Z ~  , N,M,MQ ,DT, m u ,  EPSO, EPS , NPTLIM, 
THREAT 















COMMON/GRID/X(28) ,Y(28) ,Z(28) ,Xo(29) pYO(29) ,ZO(L9) 9 
DX(29) ,DY(29) ,DZ(29) ,DX0(28) ,DY0(28) ,DZ0(28), 
1 DX(29),l3Y(29),D~(29),DXO(28),DYO(28),DZO(28), 
2 DXI(29),DYI(29),DZI(29),DXOI(28),DYOI(28),DZ~~(~~) 
C O ~ ~ O N / E X T R A S / N X , N Y , N ~ , t ~ X l , N Y l , N Z l , N , M , M Q , D T , ~ , E P S O , E P S , N P T L I ~ l ,  





FUNCTION HINCY ( I, J , K) 
CO~~.1ON/UGRID/UX(28),UY(28),Uz(28),UXO(29),UYO(29),UZO(29) 
COl.li.iON/GRID/X(28) ,Y(28) ,Z(28) ,XO(29) ,Y0(29) ,Z0(29), 
1 DX(29),DY(29),DZ(29),DXO(28),DYO(28),DZO(28), 
2 
COE~.1ON/EXTRAS/NX,NY,NZ,NXl ,NYl ,NZl ,N ,~~I ,MQ,DT,XMU,EPSO,EPS ,NPTLIM,  
1 NN,NPTS,LMAX,S~GMA,C,T,PI ,EXPFAC,IP ,TX,TY,TZ,~P,ALPi~ ,BETA,IDLS 



























COMMON/EXTRAS/NX, NY, NZ ,NXl , NY 1, NZ 1, N, M, M) ,DT, XNU, EPSO, EPS , NPTLIM, 







Coi.E.lOri/GRID/X(213) ,Y(28) ,Z(28) ,XO(29) ,YO(29) ,Z0(29), 
1 
2 DXI(29),DYI(29),UZI(29),DXOI(~8),DYOI(28),D~OI(2~) 
COMMON/EXTRAS/NX,NY,NZ,NX1,NYl ,NZl ,N ,M, I~ lQ ,DT,~U,EPSO,EPS ,NPTLIM,  
1 NN,NPTS, MAX, SIGHA, C, T, PI, EXPFAC, IP,TX,TY ,TZ,AMP,ALP"A,BETA,IDLS 
DX(29) ,DY(29) ,DZ(29) ,DX0(28) ,DY0(28) ,DZ0(28), 
THREAT 
1 
EINCXP = 0.0 
IF(IDLS.EQ.1) GO TO 1 
TAU = T - (UYO(23) - YP)/C 
IF (TAU.LE.O) GO TO 1 




F UNC T I ON E I NCY P ( XP , Y P , Z P ) 
COMMON/UGKID/UX(28) ,UY(28) ,UZ(28) ,UX0(29) ,UYO(29) ,UZO(29) 
COkfklON/GKID/X(28) ,Y(L8) ,2(28) ,xo(29)  ,yo(29) ,20(29), 
1 DX(29),DY(29),DZ(29),DX0(28),DY0(28),DZO(2~), 
2 DXI(~9),DYI(29),DZI(29),DXOI(28),DYOI(28),D~OI(28) 
C ~ P ~ 4 O N / E X T R A S / N X , N Y , N Z , N X 1 , N Y 1 , N Z 1 , N , M , M ~ , D T , ~ l U , E P S O , E P S , N P T L I P l ,  
1 NN,NPTS,LMAX,SI(;~IA,C,T,PI,EXPFAC,IP,TX,TY,TZ,AEIP,ALPHA,BETA,IDLS 




COMMON/UGRID/UX(28) ,UY(28) ,UZ(L8) ,UX0(29) ,UYO(?9) ,UZO( 29) 
99 
CObDlON/GKID/X( 28) ,Y( 28) ,Z( 2 8 )  ,XO( 29) ,YO( 29) ,LO( 29), 
1 DX(29),DY(29),DZ(29),DXO(28),DYO(28),DZO(28), 
2 DXI(29),DYI(29),DZI(29),~XOI(28),DYOI(2U),DZOI(~8) 
COMMON/ EXTKAS/NX , NY , NZ , NX1, NY 1 , NZ 1, N, M, MQ , DT, XMU, EPSO, EPS , NPTLIM , 
1 NN,NPTS,LMAX,SIGMA,C,T,PI,EXPFAC,IP,TX,TY,TZ,~P,ALP~~A,BETA,IDLS 












DXI(29) ,DYI(29) ,DZ1(29) ,DXOI(28) ,DYOI(28) ,DZOI(28) 
C 











1 NN, NPTS ,LbIAX, SLGMA, C ,T, PI, EXPFAC ,IP,TX,TY ,TZ,AMP,ALPIU,BETA,IDLS 



















3.5.8 S u b r o u t i n e  SAVESB 
3 
The s u b r o u t i n e  SAVESB s a v e s  t h e  t a n g e n t i a l  E - f i e l d  components on t h e  
subboundary selected for  t h e  M = l  l oop ,  when t h e  model is unexpanded. The 
subboundary is d e f i n e d  by t h e  v a l u e s  s e t  i n  a da ta  s t a t e m e n t  fo r  I N E A R ,  J N E A R ,  
K N E A R ,  IFAR, JFAR, KFAR.  The v a l u e s  must be c o n s i s t e n t  w i t h  the  expans ion  
factor  v a l u e  selected.  F o r  example,  an  expans ion  factor  o f  4 ( 2 , 4 , 7  and 1 4  are 
a l lowed  for  a problem s p a c e  28 c e l l s  on a s i d e )  r e q u i r e  s e v e n  c e l l s  o n  a s i d e  
i n  t h e  subboundary volume. I n  t h i s  case t h e  v a l u e s  of  I N E A R  and IFAR would be 
N and N+7, where N is a n  i n t e g e r  from 1 t o  22. 
SAVESB t r ea t s  oppos ing  sides of t h e  subboundary i n  s u c c e s s i o n  ( I N E A R  
and IFAR, J N E A R  and JFAR, KNEAR and KFAR s ides  r e s p e c t i v e l y ) ,  s a v i n g  f o r  each 
s i d e  t h e  two E - f i e l d  components t a n g e n t i a l  t o  t h e  s u r f a c e  (EY and  E Z  f o r  t h e  
I N E A R  and IFAR s ides  f o r  example) i n  the  ARAY ( L ,  I T ) .  These components on a 
s e v e n  c e l l  o n  a s i d e  subboundary form 9x8 and 8x9 arrays on  a s i d e .  T h i s  
p r o v i d e s  f i e l d  components on t h e  edges  of  t h e  subboundary ( 8  f i e l d  components 
f i e l d  components on  each c e l l  edge) o r  b r a c k e t i n g  t h e  edges  of t h e  subboundary 
( 9  f i e l d  components a c r o s s  and one  c e l l  on  e i ther  s i d e  of  the  f a c e  a t  each ce l l  
c e n t e r ) .  A s  a r e s u l t ,  i n  OUTBND i t  is p o s s i b l e  t o  i n t e r p o l a t e  f i e l d  v a l u e s  
between t h e  A R A Y  stored v a l u e s  u s i n g  a s i n g l e  s i m p l e  i n t e r p o l a t i o n  scheme. If 
t h e  components  runn ing  9 a c r o s s  and  abou t  a face were n o t  s a v e d ,  ra ther  o n l y  7 
a c r o s s  t h e  face, t h e n  a n  e x t r a p o l a t i o n  scheme for  t h e  f i e l d s  a l o n g  t h e  edges 
would be r e q u i r e d ,  unneces . sar i ly  c o m p l i c a t i n g  matters. 
With 9x8 and 8x9 arrays of two f i e l d  components on  a face and 6 faces, 
t h e  t o t a l  number of  s t o r e d  components fo r  a s i n g l e  c a l l  t o  SAVESB is 864,  when 
a n  expans ion  f a c t o r  o f  4 is  selected.  SAVESB is ca l led  for each time s t e p ,  
which is labe led  by I T  i n  SAVESB, and ARAY is d imens ioned  as ARAY (864 ,5001,  
when the  expans ion  f a c t o r  is 4 and no  more t h a n  500 time s t e p s  are  r e q u i r e d  i n  
the M-1 loop .  These d imens ions  must be manual ly  reset  f o r  other cases. 
F i g u r e  13 is a flow chart  of SAVESB. 
101 
Store EX on 
Advance I T  by r  
L i s  advanced by one for every stored value 
















IF(N.NE.0) GO TO 10 
IT=1 
PRINT 5 






C EY ON INEAR,J,K SIDE 
L 






00 90 J=JL,JMAX 






C EY ON IPAR,J,K SIDE 
C 
DO 110 J=JL,JL.IAX 





C EZ 011 INEAR,J,K SIDE 
C 
C 
DO 130 J=JMIN,JMAX 






C E2 ON IFAR,J,K SIDE 
C 
DO 150 J=JMIN,JMAX 





C EX ON I,J,KNEAR SIDE 
C 
DO 170 I=IL,IMAX 





C EX ON I,J,KFAR SIDE 
C 
DO 190 I=IL,IMAX 





C EY ON I,J,KNEAR SIDE 
C 
C 
DO 210 I=IMIN,IiUX 





C EY ON I, J ,KFAR SIDE 
c 
DO 230 I=IMIN,IMAX 





C EX ON I,JNEAK,K SIDE 
DO 250 I=IL,IMAX 






C EX ON I,JFAR,K SIDE 
C 
DO 270 I=IL,IIWX 





C EZ ON I,JNEAR,K SIDE 
C 
C 
DO 290 I=IbIIN,IMAX 





c c  EZ ON I,JFAK,R SIDE 
C 
DO 310 I=IMIN,IMAX 
DO 310 K=KL,EiAX 
L=L+1 








3.5.9 S u b r o u t i n e  OUTBND 
S u b r o u t i n e  OUTBND i n  t h e  M=2 loop  reads t h e  data  from A R A Y  a c q u i r e d  i n  
SAVESB i n  the M = 1  loop v i a  a common s t a t e m e n t .  The data  is f irst  i n t e r p o l a t e d  
i n  time w i t h  each time s t e p  r e p l a c e d  by a n  e x p a m i o n  f a c t o r  (EXPFAC or  a s  i n  
t h e  p r e s e n t  code 4 )  of time steps.  
be tween t h e  unexpanded g r i d  p o i n t s  ( U X ,  U Y ,  U Z ,  U X O ,  U Y O ,  UZO of 
COMMON/UGRID/ ...) with  a s i m p l e  l i n e a r  scheme and the  expanded g r i d  p o i n t  
l o c a t i o n s  ( X , Y , Z , X O , Y O , Z O  of COMMON/GRID/ ... ). The i n t e r p o l a t e d  da ta  is p l a c e d  
on  t h e  faces of t h e  problem s p a c e  i n  the M=2 l o o p  and  a c t s  i n  l i e u  of the  
r a d i a t i o n  boundary c o n d i t i o n  d e f i n e d  in ERAD t h a t  is u s e d  o n  t h e  M=l l oop .  The 
same s e q u e n c e  of faces and  components as used  i n  SAVESB is used  i n  OUTBND t o  
i n s u r e  t h a t  t h e  i n t e r p o l a t e d  d a t a  a p p e a r s  o n  t h e  correct face i n  t h e  correct 
l o c a t i o n .  F i g u r e  1 4  is a flow chart  of OUTBND. 
Next  the  data is i n t e r p o l a t e d  s p a t i a l l y  
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S t a r t  
ounter  IT and 
e t  for  i n t e r -  
In t ime  
on I t iELR side 
on IFhR s ide  
on I F A R  s i d e  
i n t e r p o l  a Le E X  
on KFA? s i d e  
on K F A R  s i d e  
I n t e r p o l a t e  E X  
on JNEA? s ide  
on J F A R  side 
ORIGINAL PAGE IS 
OF POOR QUALITY 














THIS SUBROUTINE ESTABLISHES THE TANGENTIAL E-FIELD COMPONENTS 
ALONG THE OUTER BOUNDARY OF THE SUBBOUNDARY 
CO~lMON/EFIELD/EX(29,29,29),EY(29,29,29),EZ(29,2~,29) 
CObMON/GRID/X(28) ,Y(28) ,2(28) ,X0(29) ,YO(29) ,ZO(29) , 






DIMENSION ARRAY(864) ,CRAY(9,9) 
DATA INEAR,JNEAR,KNEAR,IFAR,JFAR,KFAR/7,9,12,14,16,19/ 
IF(N.NE.0) GO TO 10 
FORMAT( *OUTBND CALLED*) 
IT-1 
CONTINUE 
E=MOD( N, 4) 
PRINT 5 
DO 50 LL=1,864 
CONTINUE 
ARRAY(LL)=ARAY(LL,IT)+(E/EXPFAC)*(ARAY(LL,IT+~)-A~Y(LL,IT)) 
IF(E.NE.3) GO TO 20 






DO 80 J=l,LTWO 




DO 90 J=1,28 
DO 90 K=1,28 
JS=J J+JNEAR-1 












DO 100 J=l,LTWO 
DO 100 K=l ,LONE 




DO 110 J=1,28 1 .  
JJ=INT((J+~)/EXPFAC)+L 










* ( CRAY (J J ,KK+1) -CMY (J J ,KK) ) 
110 CONTINUE 
C 
IN 120 J=l,LONE 





DO 130 J=1,28 
JJ=INT((J-2)/EXPFAC)+l 












UO 140 J=l,LONE 





DO 150 J=1,28 

























DO 160 I=l,LTWO 




DO 170 I=1,28 
DO 170 J=1,28 
ISJI I+INEAR-1 
JS=J J+JNEAR- 1 
EX1=CRAY(II,JJ+1)+((X(I)-UX(IS-l))/(UX(IS)-UX(IS-l))) 








DO 180 I=l,LTWO 




DO 190 I=1,28 
DO 190 J=1,28 
IS=II+INEAR-l 










DO 200 1-1 ,LONE 




DO 210 I=1,28 








I S = I  I+INEAK-l 








DO 220 I=l,LONE 




DO 230 I=1,28 
II=INT((I-2)/EXPFAC)+l 
DO 230 J=1,28 
IS=II+INEAR-l 













DO 240 1x1 ,LTWO 




DO 250 I=1,28 











*( CIWY ( II+1, KK)-CRAY ( I I ,KK) ) 
C 
250 CONTINUE 
DO 260 I=l,LTMO 






DO 270 I=1,28 
DO 270 K=1,28 
t(K=INT( (K-2) /EXPFAC)+l 
IS- I 1+1 NEAR- 1 
KS=KK+KNEAK- 1 
EX~=CRAY(II,KK+~)+((X(I)-UX(IS-~))/(UX(IS)-UX(IS-~))) 








DO 280 I=l,LONE 





DO 290 I=1,28 
II=INT((I-~)/EXPFAC)+~ 











DO 300 I=l,LONE 





DO 310 1=1,28 
DO 310 K=1,28 
IS=II+INEAR-l 















3.5.10 S u b r o u t i n e  DATASAV 
S u b r o u t i n e  DATASAV is ca l led  by t he  main program D R I V E R  f o r  each loop  
(M=1,2) se lected (by  MM s e t t i n g )  as f r e q u e n t l y  as o u t p u t  v a l u e s  of  t h e  induced  
s u r f a c e  charges ( n * E )  and  c u r r e n t s  (nxH) a t  t h e  aelected t e s t  p o i n t s  are 
r e q u i r e d  (de t e rmined  by I P ) .  A f l ow chart  f o r  t he  M = l  l oop  is  g i v e n  t o  
F i g u r e  15. 
A A + + 
On t h e  f i rs t  c a l l  i n  a p a r t i c u l a r  loop  t o  S u b r o u t i n e  D A T A S A V  
p a r a m e t e r s  t h a t  describe t h e  test p o i n t s  a re  se t .  These p a r a m e t e r s  a r e  d e f i n e d  
i n  Table 6 .  F o r  t h i s  and  a l l  subsequen t  c a l l s  w i t h i n  t h e  l o o p ,  DATASA pe r fo rms  
t h e  o p e r a t i o n s  descr ibed  i n  t h e  f o l l o w i n g  p a r a g r a p h s  f o r  each of  t h e  three 
f i e l d  components from which t h e  c h a r g e  and  the  two c u r r e n t  components a re  
c a l c u l a t e d .  These o p e r a t i o n s  a l l o w  one  t o  d e f i n e  a n  a r b i t r a r y  tes t  p o i n t  
l o c a t i o n  and o r i e n t a t i o n  where c u r r e n t  and  c h a r g e  r e s p o n s e s  c a n  be found from 
i n t e r p o l a t e d  and e x t r a p o l a t e d  f i e l d  r e s p o n s e s  a t  t h e  a p p r o p r i a t e  s u r r o u n d i n g  
I , J , K  l o c a t i o n s  of t h e  ca l cu la t ed  f i e l d s .  






NPLANE ( N P T )  
XOBS (NPT 1 
YOBS (NPT 1 
ZOBS (NPT 1 
THETA (NPT)  
D e s c r i p t i o n  
Number of test  p o i n t s  
T e a t  p o i n t  number for  t h e  Mth t e s t  p o i n t  
S c a t t e r i n g  P l a n e  i n d i c a t e s  kfie o r i e n t a t i o n  
of  t h e  p l a n e  on  which the M t e s t  p o i n t  is 
located 
1 - Normal is i n  t h e  +x d i r e c t i o n  
2 - Normal is i n  t h e  -x d i r e c t i o n  
3 - Normal is i n  t h e  +y d i r e c t i o n  
4 - Normal is i n  t h e  -y d i r e c t i o n  
5 - Normal is i n  t h e  +z d i r e c t i o n  
6 - Normal is i n  t h e  -z d i r e c t i o n  
x c o o r d i n a t e  o f  t h e  Mth t e s t  p o i n t  
y c o o r d i n a t e  of  t h e  Mth  t e s t  p o i n t  
z c o o r d i n a t e  o f  t h e  M t h  test  p o i n t  
Measurement o r i e n t a t i o n  i n  d e g r e e s  from 
o n e  of  t h e  p r i n c i p l e  a x e s  of t h e  problem 
s p a c e  
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I npu t  Parameters 
Descr ib ing 
Test Points 
Calculate f o r  A l l  Test Points 
IMlN.IK4UX i f  NPLANE I o r  2 
JNIN.JK4X i f  NPLANf = 3 o r  4 
KHIW.KK4X if N P L M  = 5 o r  6 
1 
5 o r  6 
1 
1 o r  2 
1 
ORIGINAL PAGE IS 
. Of POOR QUALITY 
Com,pd?t terms fo r  
d t t e m i n i n g  charge 
frm E,; i n t e r p o l a t e  
an? extrapolate.  
Cetcrmlning cu r ren t  
dens i t i es  frw H H ; 
ir. terpolate and 
Conpute terms for 
determining charge determining charge 
from E ; in te rpo la te  
and exbapo la te .  w d  ehtrapolate.  
C a p u t e  terms for 
determinlnq cu r ren t  
densities frm H H ; 
i n t e r p o l a t e  dnd ic 'erpalate and 
extrauola te. ex t r m o l a  te. 
Cmrpute terns f o r  
from E,; i n t e r p o l a t e  
Cwpute te rns  f o r  
de termi n i ng cui'ren t 
dens i t i es  frm H H ; 
Store 
cnarge 
a rd  
i u r r e n t r  
F i g u r e  1 4 .  Flow C h a r t  f o r  S u b r o u t i n e  DATASAV 
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Using t h e  t e s t  p o i n t  l o c a t i o n  and t h e  s c a t t e r i n g  p l a n e  o r i e n t a t i o n ,  
e i g h t  f i e l d  component l o c a t i o n s  a re  selected. 
are d i s t r i b u t e d  abou t  t h e  tes t  p o i n t  as i l l u s t r a t e d  below i n  F i g u r e  16. 
These f i e l d  component l o c a t i o n s  
A 
One o f  E ight  Field 
Component Locations 
One Cell Height  
---- 
-AI/ 
One Ce l l  Length V 
F i g u r e  15 .  D i s t r i b u t i o n  of  F i e l d  Component L o c a t i o n s  About Test P o i n t  
The s e l e c t i o n  p r o c e s s  compared a l l  t h e  f i e l d  component l o c a t i o n s  
a g a i n s t  t h e  t e s t  p o i n t  l o c a t i o n  i n  o n e  of  t h e  three d imens ions  u s i n g  a 
c r i t e r i o n  o f  t h e  form 
if XOBS(NPT) 5 X ( I + l )  , t h e n  Imax = (I+1) and Imin = ( I )  
(here t h e  x c o o r d i n a t e  has been used for  i l l u s t r a t i v e  pu rposes  o n l y ) ,  and i n  
t h e  r ema in ing  d imens ions  u s i n g  a c r i t e r i o n  o f  t he  form 
i f  YOBS(NPT) I Y ( J + l ) ,  t h e  Jmin = ( J )  and  Jmax = (J+l). 
By l e t t i n g  t h e  c o o r d i n a t e s  by X ( 1 )  o r  X o ( I ) ,  Y(J) o r  Yo(J), and Z ( K )  o r  Zo(K) 
i n  the  above c r i t e r i a ,  depending  o n  t h e  f i e l d  component selected,  t h e  t e s t  
p o i n t  is su r rounded  by t h e  e i g h t  f i e l d  components.  
The e i g h t  f i e l d  component v a l u e s  a s s o c i a t e d  w i t h  t h e  e i g h t  f i e l d  
component l o c a t i o n s  a r e  g i v e n  by: 
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where 5 is any o n e  of t h e  six f i e l d  components. From these f i e l d  components 
t h e  v a l u e  of S(XOBS(NPT), YOBS(NPT), Z O B S ( N P T ) )  c a n  be found by  a combina t ion  
of i n t e r p o l a t i o n  and  e x t r a p o l a t i o n .  
are combined depends  on t h e  t e s t  p o i n t  l o c a t i o n  a n d  NPLANE. An example u s i n g  
t h e  f i e l d  component a r r angemen t  shown i n  Figure 1 7  is  g i v e n  t o  i l l u s t r a t e  t h e  
p r o c e s s  . 
The e x a c t  order i n  which t h e  components 
First a n  i n t e r p o l a t i o n  i s  per formed i n  t h e  z d i r e c t i o n  t o  y i e l d  
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These i n t e r p o l a t e d  v a l u e s  are  d i s t r i b u t e d  a b o u t  t h e  t es t  p o i n t  as shown i n  
F i g u r e  18. They a r e  t h e n  i n t e r p o l a t e d  i n  t h e  x d i r e c t i o n  t o  y i e l d  
Ax 
= E3 + ( E 3  - 54) aj; 53 4 
F i n a l l y ,  t h e  v a l u e s  E,, a n d  5 
t e s t  p o i n t  l oca t ion  t o  g i v e  c ( X O B S ( N P T ) ,  YOBS(NPT) ,  ZOBS(NPT)), u s i n g  t h e  
e x p r e s s i o n  
as shown i n  F i g u r e  19 ,  a r e  e x t r a p o l a t e d  t o  t h e  34’ 
AY c ( X O B S ( N P T ) ,  YOBS(NPT) , Z P B S ( N P T ) )  = E l ,  - 
,) Ay 
F i  
Kmax 
g u r e  16. Example F i e l d  Component Arrangement a b o u t  a Test P o i n t  
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I I . 
Figure 17 .  Interpolated Field Values about a Test Point 
To each value of t h e  sca t te red  f i e l d  component a t  t h e  t e s t  locat ion,  
c(XOBS(NPT), YOBS(NPT) , ZOBS(NPT)), there  is added the  corresponding incident 
f i e l d  component a t  t h e  test  point location. 
appropriate function value of EINCXP, EINCYP, EINCZP, H I N C X P  or H I N C Z P .  The 
r e s u l t i n g  t o t a l  f i e l d  components correspond t o  the induced surface charges and 
currents .  




I 5 2  
1 
O T e s t  P o i n t  (XOBS(NPT) ,YOBS(NPT) ,ZOBS(NPT) 
Figure 1 C .  Interpolated Field Values Used t o  
Extrapolate t o  Test ?Dint  Location 
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Two c u r r e n t  components a r e  c a l c u l a t e d  on a n y  s u r f a c e  of t h e  s c a t t e r e r .  
These components can  be combined t o  y i e l d  o t h e r  o r t h o g o n a l  c u r r e n t  component 
p a i r s  co r re spond ing  t o  t h o s e  measuring i n  an e x p e r i m e n t  where t h e  c u r r e n t  
s e n s o r s  a r e  not a l i g n e d  i n  t h e  d i r e c t i o n  of  t h e  x, y o r  z a x i s .  
is commonly t h e  c a s e  f o r  measurements made on a i r c r a f t  wings where t h e  c u r r e n t  
s e n s o r s  a r e  a l i g n e d  w i t h  t h e  a x i s  of t h e  wing, which g e n e r a l l y  i s  c a n t e d  w i t h  
r e s p e c t  t o  one  of t h e  p r i n c i p a l  a x e s  of t h e  problem space .  
T h i s  s i t u a t i o n  
The a n g l e  THETA(NPT1 is t h e  s e n s o r  r o t a t i o n  a t  t es t  p o i n t  w i t h  r e s p e c t  
t o  one of t h e  p r i n c i p a l  axes .  I t  is shown g r a p h i c a l l y  i n  F igu re  20. S i m p l y  
s t a t e d ,  0 is always d e f i n e d  as f a l l i n g  i n  t h e  f i rs t  quadran t  of t h e  p l a n e  i n  
which t h e  s c a t t e r i n g  s u r f a c e  f a l l s .  A s  a r e su l t  of t h i s  d e f i n i t i o n ,  t h e  two 
r o t a t e d ,  o r t h o g o n a l ,  c u r r e n t ,  components,  c a l l e d  H1 and H2 ,  a r e  a lways g i v e n  by: 
where 
A = Hz, B = Hy f o r  NPLANE = 1 o r  2 
A = Hz, B = Hx f o r  NPLANE = 3 o r  4 
A = Hx, B = Hy f o r  NPLANE = 5 o r  6 
Those v a r i a b l e s  used  l o c a l l y  i n  S u b r o u t i n e  DATASAV a r e  d e f i n e d  i n  
Table  7. 
- front side 
back side V --- 
J 
F i g u r e  1 9 .  Graph ica l  D e s c r i p t i o n  of  THETA 
(Angle d e f i n i n g  s e n s o r  r o t a t i o n ) .  
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EX1 , EX2 






E Z 3 , E Z 4  
EZ12, E Z 3 4  
HX1 ,HX2 
H X 3  , H X 4  
HX12, H X 3  4 
H Y 1  ,HY2, 
H Y 3 , H Y 4  
HY12,HY34 
H Z 1  ,HZ2 






I M ,  I X  
JM, J X  
K M , K X  . 
I M I N  , I M A X  
J M I N ,  J M A X  
K M I  N , KMAX 
S I N A N  
TERM1 , TERM2 
TERM3,TERMQ 





D e s c r i p t i o n  
A p r i n c i p l e  H f i e l d  component 
A p r i n c i p l e  H f i e l d  component 
Cosine of THETA 
I n t e r p o l a t e d  Ex f i e l d  components 
I n t e r p o l a t e d  E f i e l d  components 
Y 
I n t e r p o l a t e d  E f i e l d  components z 
I n t e r p o l a t e d  H x  f i e l d  components 
I n t e r p o l a t e d  H f i e l d  components 
Y 
I n t e r p o l a t e d  H Z  f i e l d  components 
Counter on t h e  number of t i m e  s t e p s  o u t p u t  
Test p o i n t  number ( a r r a y  d imens ioned  on t h e  
number of t e s t  p o i n t s )  
S c a t t e r i n g  Plane ( a r r a y  d imens ioned  on t h e  
number of tes t  p o i n t s )  
Number of t e s t  p o i n t s  
Same as above ( a r r a y s  d imens ioned  on t h e  
number of t e s t  p o i n t s )  
S ine  of THETA 










T a b l e  7. ( c o n t i n u e d )  
D e s c r i p t i o n  
Angle (degrees) of c u r r e n t  s e n s o r  r o t a t i o n  
( a r r a y  d imens iona l  o n  t h e  number of t e s t  p o i n t s )  
C o o r d i n a t e s  of tes t  p o i n t  loca t  i o n  
Same as above  ( a r r a y s  d imens ioned  o n  t h e  
number of t es t  p o i n t s )  
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SUBROUTINE DATASAV 
COPfNON/EFIELD / EX(29,29,29), EY(29,29,29), E2(29,29,29) 
COPMON/HPIELD / ltX(29,29,29), HY(29,29,29), HZ(29,29,29) 
COIMON/EXTRAS/NX,NY,N2,~~~l,NYl,~Zl,N,M,M~,DT,XMU,EPSO,EPS,NPTLIM, 







CObiMON/CUI4MUL/ CUMM( 24) , LOC( 24) 
DIMENSION XOBS(30),YOBS(30),ZOBS(30) 
DIMENSION SUX0(~8),SDY0(28),SU20(28) 
DIPIENSION I M I N (  30), IMAX( 30), JMIN( 30), JMAX( 30) ,KMIN( 30) ,tii*lAX( 30) 
DIMENSION THCTA(30),NPLANE(30) 







IF(L.NE.l) GO TO 1120 




LOC (3) =3 




NPLANE( 2 ) = 4  
NPLANE( 3)=1 
NPLANE(4)=1 
NPLANE ( 5 ) = 1 



























GO TO 499 
C 
200 CONTINUE 
IF(Pl.NE.2)GO TO 300 
LOC( 1)=7 
LOC(2)=8 
LOC (3) =9 
LOC ( 4) = 10 
LOC(5)=11 
LOC( 6) =12 
NPLAtJE ( 1 ) = 3 
NPLANE(2)=4 
LJ PLANE ( 3 ) = 1 
NPLHNE (4)= 1 























N PT S = 6 
GO TO 499 
TflETA( 2 ) = O  O 
TtlETA( 4)=O 0 






DETERMINE CELLS FOR EXTKAPOLATION 
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DO 1110 NPT=l,NPTS 
IF(NPLANE(NPT).GE.3) GO TO 1025 
DO 1000 I=l,NXl 
IF(XOBS(NPT).LT.X(I+l)) GO TO 1U20 
1000 CONTINUE 
1020 CONTIlJUE 
IP(NPLANE(NPT).EQ.l) IMIN(NPT) = I+1 
IY(NPLANE(NPT) .EQ.2) IMIN(NPT) = 1-1 
IMAX(NPT) = IMIN(NPT) + 1 
GO TO 1110 
IF(NPLANE(NPT).GT.4) GO TO 1070 
DO 1040 J=1 ,NY1 




IF(NPLANE(NPT) .EQ.3) JilIN(NPT) = J+1 
IF(NPLAtJE(NPT) .EQ.4) JllIiJ(NPT) = J-1 
JhIAX(NPT) JPIIN(NPT) + 1 
GO TO 1110 
DO 1080 K = l  ,NZ1 
1070 CONTINUE 
IF(~oBS(NPT).LT.~(~+<+~)) GO TO i i o u  
1080 CONTINUE 
1100 IF(NPLANE(NPT).EQ.5) KMIN(NPT) = K+1 
IF(NPLANE(NPT).EQ.6) KMIN(NPT) = E;-1 
QlAX(1JPT) = I(PIIN(NPT) + 1 
PRINT 407,(XOBS(NPT),NPT=l,NPTS) 
PRINT 408,(YOBS(NPT) ,NPT=l,NPTS) 
PKINT 409, (ZOBS( NPT) ,NPT=l ,NPTS) 
11 10 CONTINUE 
C 
C NPLANE = 1 IS THE YZ PLANE, NORMAL AFT (TOWARD INCKEASIIJG I) 
C NPLANE = 2 IS THE YZ PLANE, NORIAL FORMAKD(TO\JAKD DECKEASING I) 
C 
c NPLANE = 3 IS TtiE XZ PLANE, NOKblAL UP (TOIJARD INCKEASING J) 
C 
C NPLANE = 4 IS THE XZ PLANE, NOLWAL DOWN(T0WARD DECKEASING J) 
C 
C NPLANE = 5 IS THE XY PLANE, XOKMAL RIGllT (TOWARD INCKEASING K) 
C 
C NPLANE = 6 IS THE XY PLANE, NOKtlAL NEGATIVE (TOWARD DECREASING K) 
C 
1120 CONTINUE 
DO 1400 NPT=l,NPTS 
IX = ILlAX(NPT) 
JM = JPlIN( NPT) 
KPl = KI4IN(NPT) 
KX = KNAX(NPT) 
XBS = XOBS(NPT) 
Il\l = IMIN( NPT) 





























YBS = YOBS(NPT) 
ZBS = ZOBS(NPT) 
ANGLE = THETA( NPT) *PIF 
. 
IF(NPLANE(NPT) .GT.4) GO TO 1270 
IF(NPLANE(NPT).GT.2) GO TO 1155 
NPLANE = 1 OR 2 -- Yi: PLANES 
COMPUTE TEMIS FOR CIMRGE 
DETEKMINE JM , JX, Ul, KX FOR EX 
DO 1125 J=l,NYl 
IF(YOBS(NPT).LT.YO(J+l)) GO TO 1128 
CONTINUE 
JF1 = J 
JX = J+l 
EO 1130 K=l,NZl 
IF(ZOBS(NPT).LT.ZO(K+l)) GO TO 1131 
CONTINUE 
K M = K  
KX = K + l  
IF( L. EQ. 100) PKINT 410, IN, IX, JM, JX,KM,KX 
TElU11 = ( Z B S  - ZO(KH))/DZO(KM) 
TEN12 = (YBS - YO(JM))/DYO(JM) 
TEN13 = ( I U S  - XO(IM))/IjXO(Ill) 
TEKM4 = O.5*(DXO(IX)+DXO(IbI)) 
TERil5 = O.5* ( DY 0 ( JX )+DY O ( JM) ) 
T E W 6  = 0.5*(DZO(KX)+DZO(Kb.I)) 
TERbi1 LS SCALE FACTOR FOK EX(I,J,KX) 
T E R H ~  IS SCALE FACTOR FOR EX(I,JX,K) 
EXl=EX( 114, JM,KL.l)+(EX( If.1, JIi,KX)-EX( I M , J M , K M )  )*TERM1 
EX2=EX(IM,JX,KII)+(EX(IH,JX,KX)-EX(IM,JX,KM))*TERMl 
EX3=EX(IX, Jbi,KI*l)+(EX( IX, Jf4,KX)-EX(IX, JM,KM))*TEKMl 
EX4=EX(Ii(.,JX,KM)+(EX(IX,JX,KX)-EX(IX,JX,Ki\l))*TERMl 
EX12 = E X 1  + (EX2-EXl)*TERM2 
EX34 = EX3 + (EX4-EX3)*TERM2 
DEBUG PRINT 
IF(L.NE.100) GO TO 1134 
PRINT 514,(((EX( I,J,K) ,I=I!l,IX) ,J=JI*l,JX),K=KM,KX) 
PRINT 515, EXl,EX2,EX3,EX4,EXlZ,EX34 
CO NT I NLJE 
COMPUTE TERMS FOR CURRENT DENSITY 
DETEKMINE KM,KX FOR HY, JM,JX SALE AS FOR EX 
DO 1135 K=l,NZl 
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I F ( Z O B S ( N P T ) . L T . Z ( K + l ) )  GO TO 1136 
1135 CONTINUE 
1136 KM = K 
KX = K+1 
I F  ( L . EQ .100) P R I N T  41 0, Ill , I X  , J M  , J X ,  l31, KX 
TERMl  = ( Z B S  - ZO(KM)) /DZO(Ql)  
TERM2 ( Y B S  - YO(JM)) /DYO(JM)  
TERM3 = ( X B S  - X O ( I P I ) ) / D X O ( I M )  
TERM4 = 0 .5*(DXO(IX)+DXO(IM>)  
TERM5 = O.S*(DYO(JX)+DYO(JPl))  
TERb16 = 0.5* (DZO( KX)+DLO( IGl) ) 
TERM7 = (ZBS-Z( lUl ) ) /TERM6 
HY 1=HY( IM , JPi ,Khl)+( fly ( I M  , Jll ,KX)-ilY( I M  , Jll , KM) ) *TEN47  
liY2=LIY ( I M ,  J X ,  KM)+( 11Y ( I M ,  JX,KX)-HY( I M ,  JX ,KM))  *TERM7 
1IY3=HY ( I X ,  JN,KM)+( HY ( I X ,  J l 1  ,KX)-IIY ( I X ,  JM,UL) )*TEN47 
llY4=LlY ( I X ,  J X ,  KM)+( HY ( I X ,  J X ,  KX)-HY ( I X ,  J X ,  k4) )*TERN 
H Y 1 2  = HY1 + ( H Y 2 - l l Y 1 ) * T E ~ l 2  
H Y 3 4  = HY3 + (HY4-HY3)*TERM2 
C TERM2 I S  SCALE FACTOR FOR 11Y( I , J X , K )  
C TERM7 IS SCALE FACTOR FOR H Y ( I , J , K X )  
C 
C 
C DEBUG P R I N T  
C 
I F ( L . N E . 1 0 0 )  GO TO 1137 
P R I N T  511, ( ( (  HY( I, J ,K)  , I=IM, IX) , J=JM, J X )  ,K=Ql,KX) 




C DETERMINE J M ,  J X ,  Kt1 ,MX FOR HZ 
DO 1138 J = l , N Y l  
I F ( Y O B S ( N P T ) . L T . Y ( J + l ) )  GO TO 1140 
1138 CONTINUE 
1140 J14 = J 
J X  = J+1 
DO 1144 K=l,NZ1 
XF(ZOBS(NPT).LT.XO(K+l)) GO TO 1146 
1144 CONTINUE 
1146 Ul = K 
KX = K+l  
I F (  L. EQ. 100) P R I N T  410, IN, I X ,  J M ,  J X ,  KM,KX 
TERM1 = (ZBS - ZO(Kl l ) ) /DZO(KM) 
TERM2 = ( Y B S  - YO(JM)) /DYO(JEl )  
TEKM3 = (XBS - X O ( I l l ) ) / D X O ( I M )  
TERM4 = 0.5*(DXO(I i ( )+DXO(I i . l ) )  
TEKI.15 = 0.5*(DYO(JX)+DYO(JM))  
TERM6 = 0.5*(DZO(KX)+DZO(KM)) 
TERM8 = (YBS-Y(Jt1) ) /TERM5 
HZ l = t i Z (  It1 , JM,KM)+( HZ( I M ,  J t l  ,KX)-HZ( IN, Jr1,Kkl) ) * T E N 1 1  
HZ2=HZ(  I M ,  J X ,  KM)+( HL(  I M ,  J X ,  KX)-HZ( I M ,  J X ,  n-1) ) * T E R N  
C TERMl  I S  SCALE FACTOR FOR M ( I , J , K X )  
C 
C TERMS I S  SCALE FACTOR FOR H Z ( I , J X , K )  
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HZ3=HZ( IX, JM,KM)+( HZ( IX, JM, KX)-HZ( IX, JM ,Dl) )*TEN41 
HZ4=HZ( IX, JX, KM)+( HZ( IX, JX,KX)-HZ( IX, JX, KM) ) *TERM1 
HZ12 = HZ1 + (ilZ2-11Z1)*TE~18 
€1234 = HZ3 + (HZ4-HZ3)*TERI.18 
C 
C DEBUG PRINT 
C 
IF(L.NE.100) GO TO 1148 
PRINT 504, ( ((AIL( I, J ,K) , I=IM, IX) , J-JM, JX) ,K=KJl,KX) 




C TERM9 IS -SCALE FACTOR FOR (EX,HY ,HZ) (IX, J ,K) 
C 
C 
IF(NPLANE(NPT).EQ.2) GO TO 1150 
TERM9 = (X(IM)-XBS)/TEKM4 
ESTORE(L,NPT)=EX12 - (EX34-EX12)*TERM9 + EINCXP(XBS,YBS,ZBS) 
A=€lZ12-(HZ34-HZ12)*TERM9+HINCZP(XBS,YBS,ZBS) 
B=HY 12-( HY34-HY12) *TERMg+HINCYP( XBS, YBS, ZBS) 




TERM9 (XBS-X( IX) ) /TERM4 
C TEKM9 IS -SCALE FACTOR FOR (EX,HY,BZ)(IM,J,K) 
c 
ESTORE(L,NPT)-EX34+(EX34-EXl2)*TERM9+EINCXP(XBS,YBS,ZBS) 
A=HZ34+( HZ 34 -HZ 12 ) *TERN9+HINCZP ( XB S , YBS , ZBS) 
B=HY 34+( IIY 34-1IY 12) *TEKM9+HINCY P ( XB S , YB S , ZBS ) 
GO TO 1375 
C 
C 
C NPLANE = 3 OR 4 -- XZ PLANES 
C 
C COMPUTE TERMS FOR CHARGE 
C 
C 
C DETERMINE It1, IX, KM ,KX FOR EY 
C 
1155 CONTINUE 
DO 1160 I=l,NXl 
IF(XOBS(NPT).LT.XO(I+l)) GO TO 1165 
1160 CONTINUE 
1165 IM = I 
IX = I+1 
DO 1170 K=l,NZl 
IF(ZOBS(NPT).LT.ZO(K+l)) GO TO 1175 
1170 CONTINUE 
1175 Ul = K 
KX = K+1 
IF( L. EQ. 100) PRINT 410, Ifl, IX, JM, JX,Ktl ,KX 
1 7 Q  
TERM1 = (ZBS - ZO(Ktl))/DZO(KPI) 
TEKM2 = (YBS - YO(JM))/DYO(JPI) 
TEN43 = (XBS - XO( IM)) /DXO( 114) 
C TERM1 IS SCALE FACTOR FOK EY(I,J,KX) 
C TERM3 IS SCALE FACTOR FOK EY(IX,J,K) 
TEN44 = 0.5*(DXO( IX)+DXO( IM)) 
TERM5 = 0.5* (DYO( JX)+DYO( JM) ) 
TERM6 = 0.5* (DZO( KX)+DZO( Ki.1) ) 
EY 1=EY ( IPI, JM,KM)+( EY ( IN, Jfl, KX)-EY ( Ill, JM,KM) )*TERM1 
EYZ=EY(IX,JM,KIl)+(EY(IX,JM,KX)-EY(IX,JM,Kfl))*TERMl 
EY3=EY (IM, JX, KM)+( CY( IM, JX, KX)-EY( If1, JX, KM) ) *TEKMl 
EY 4=EY ( I X  , J X , KM ) +( EY ( I X , J X , KX ) -EY ( I X , J X , Ki I) ) *TERN 1 
EY12 = EY1 + (EY2-EYl)*TEKM3 
EY34 = EY3 + (EY4-EY3)*TERM3 
c 
C DEBUG PRINT 
L 
IF(L.NE.100) GO TO 1202 
PKINT 500, ( ( (EY( I, J, K) , I=II-l,IX), JzJM,JX), K=W,KX) 
PKINT 501, EYl,EY2,EY3,EY4,EYlL,EY34 
1202 CONTINUE 
C 
C COPIPUTE TERMS FOR CUKKENT DENSITY 
C 
c 
c DETEKdINE lQl,Ki( FOR iix IM,IX SAME AS FOK EY 
C 
DO 1210 K = l , N Z l  
IF(ZUSS(NPT).LT.Z(K+l)) 20 TO 1220 
1210 CONTINUE 
1220 KM = K 
KX = K+l 
I F ( L . E Q .10 0 ) 
TEU11 = (ZBS - ZO(I(M))/DZO(KM) 
TERM2 = (YBS - YO(JM))/DYO(JM) 
TED13 = (XBS - XO(IM))/DXO(I14) 
TEKM4 = 0.5*(DXO(IX>+DXO(IM)) 
TERM5 = 0.5*(DYO(JX)+DYO(JM)> 
TEW6 = 0.5* ( DZO (KX)+DZO( KI4) ) 
TEKM7 = (ZBS-Z(KM))/TEKM6 
liXl=HX( IN, JP1 , KM)+( IIX( IM , Jki , KX) -HX( IM , JM , KM) ) *TERM7 
tlX2=IIX( LX, JI~l,KM)+(llX( IX, JM,KX)-HX( IX, JPI,Ktl))*TERll7 
HX3=HX( Ifl, JX, KlI)+(ilX( IM, JX,KX)-HX( IM, JX, KM) )*TEN17 
HX4=;1X( IX,JX,lU~l)+(IIX( IX,JX,KX)-HX( IX,JX,KM))*TERI47 
P R I NT 4 1 0 , I I I ,  I X , J M , J X , KI4, KX 
c TERM3 IS SCALE FACTOR FOR HX(IX,J,K) 
C TERM7 IS SCALE FACTOR FOK HX(I,J,KX) 
L 
HX12 HX1 + (lIX2-IIXl)*TEK~43 
liX34 = HX3 + (HX4-HX3)*TEPJI3 
C 
C DEBUG PKINT 
c 
TP(L.NE.100) GO TO 1222 
PRIdT 502, ( (  (HX( I, J , K )  ,I=IM, IX) , JzJM, JX) ,K=K.I\I,KX) 
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c DETERHI NE Ih , IX, KM , KX FOR HZ 
C 
DO 1225 L=l,NXl 
IF(XOBS(NPT).LT.X(I+l)) GO TO 1230 
1225 CONTINUE 
1230 IM = I 
IX = 1+1 
DO 1235 K = l , N Z l  
IF(>OBS(NPT) .LT.ZO(K+l)) GO TO 1240 
1235 CONTINUE 
1240 KM = K 
KX = K+1 
IF( L. EQ. 100) PRINT 410, IM, IX, JN, JX,KM, KX 
TEKM1 = (ZBS - ZO(UI))/DZO(KM) 
TERM2 = (YBS - YO(JM))/DYO(JM) 
TERN3 = (XBS - XO(II'l))/DXO(IM) 
TERM4 = 0.5*(DXO(IX)+UXO(IPi)) 
TERM5 = 0.5* (DYO( JX)+DYO( Jkl) ) 
TElUi6 = 0.5*(DZO(KX)+DZo(K)) 
tiZ l=HZ ( IPI , JM , KM)+( llZ( IM , JM , KX)-HZ ( IN, JM , KH) ) *TElU11 
HZ2=HZ( IX, J14,KM)+( HZ( IX, JM,KX)-tlZ( IX, JM,KM))*TERMl 
HZ3aHZ ( IH, JX, KM)+( HZ( IM, JX, KX)-llZ( IN ,JX, KM) )*TEUll 
HZ4=tiZ( IX,JX,KM)+(tlZ( IX,JX,KX)-HZ( IX,JX,YJ4))*TER>l1 
TERM8 = (XBS-X(IM))/TERM4 
11Z12 = HZ1 + (HZ2-llZl)*TEKbI8 
HZ34 = I1Z3 + (HZ4-HZ3)*TERE18 
C TERM1 IS SCALE FACTOR FOR HZ( I, J,KX) 
C 
c TERN8 IS SCALE FACTOR FOR HZ(IX,J,K) 
C 
c DEBUG PRINT 
C 
IF(L.NE.100) GO TO 1242 
PKINT 504, ( ( (  i-lZ( I, J ,K) , I = I P I ,  IX) , J=JM, JX) ,K=Kbl,KX) 






IF(NPLANE(NPT).EQ.4) GO TO 1250 
TERMS = (Y( JPl)-YBS) /TERM5 












A = HZ12 - (iiZ34-HZlL)*TERM9 + HINCZP(XBS,YBS,ZBS) 
PRINT 398 
9 9 8 FORMAT ( *CHK4* ) 




C DEBUG PKINT 
C 
C 
IF(L.NE.100) GO TO 1375 
EINC = EINCYP(XBS,YBS,ZBS) 
BlINC = HINCXP(XBS,YBS,ZBS) 
M2INC = HILJCZP( XBS ,YBS ,ZBS) 
PKINT 513, EINC,HlINC,HZINC 
PRINT 506,ESTORE(L,NPT),A,B 
GO TO 1375 
C 
c 
c TERM9 IS -SCALE FACTOR FOR (EY ,LIZ, HX) ( I, JM, K )  
c 
C 
1250 TEN49 = (YBS-Y(JX))/TERMS 
ESTOKE(L,NPT)=EY34 + (EY34-EY12)*TERM9 + EINCYP(XBS,YBS,ZBS) 
A = iiZ34 + (HZ34-HZ12)*TERbl9 + IIINCZP(XE3S,YBS,ZBS) 
B = 11x34 + (11X34-I1X12)*TEKM9 + HINCXP(XBS,YBS,ZBS) 
C 
C DEBUG PRINT 
C 
1F(~.NE.100) GO TO 1375 
EIlJC = EINCYP(XBS,YBS,ZBS) 
lt1INC = kiINCXP(XBS,YBS, ZBS) 
H2INC = HINCZP(XBS,YBS,ZBS) 
PRINT 513, EINC,HlINC,H2INC 
PRINT 506,ESTORE(L,NPT),A,B 
GO TO 1375 
C 
c 
C NPLANE = 5 OK 6 -- XY PLANES 
c 
C COMPUTE TELUlS FOR CHARGE 
C 
C 
C LETERMIIE I!I,IX,JM,JX FOR EZ 
c 
1270 CONTINUE 
DO 1275 I=l,NXl 
IF(XOSS(NPT).LT.XO(I+l)) GO TO 1280 
1275 CONTINUE 
1280 If.1 = I 
IX = 1+1 
DO 1285 J=l,NYl 




J X  = J+1 
TERM1 = ( Z B S  - ZO(U4))/DZO(KN) 
TEKM2 = (YBS - Y O ( J M ) ) / D Y O ( J t l )  
TEKM3 = (XBS - X O ( I P ~ l ) ) / D X O ( I H )  
I F ( L . E Q . 1 0 0 )  P R I N T  410,IM 
C T E N 1 2  I S  SCALE FACTOR FOR 
C TERM3 I S  SCALE FACTOR FOK 
TERM4 = U . 5 * ( D X O ( I ) o + D X O ( I N ) )  
TERM6 = 0.5*( DZO( KX)+DZO( KM) ) 
T E N 4 5  = 0.5 * ( D Y 0 ( J X ) +DY 0 ( JM) ) 
E Z ( I , J X , K )  
CZ(  I X ,  J , K )  
1300 E Z l = E L (  I l l ,  JH,KPl)+(  E Z (  I X ,  JI 'l ,IGl)-EZ( I M ,  JM,KN))*TERM3 
EZ2=EZ(  I M ,  JX,KPl)+(  EZ(  I X ,  J X ,  U I ) - E Z (  IM, J X ,  IN) )*TERM3 
E Z 3 = E Z (  I M ,  JM,KX)+(  EZ(  I X ,  J P I , U ) - E Z (  IM,JM,KX))*TERI l3  
E Z 4 = E L ( I M , J X , K X ) + ( E Z ( I X , J X , K X ) - E Z ( I M , J X , ~ X ) ) * T E ~ 3  
E Z 1 2  = E Z 1  + (EZZ-EZl )*TERMz 
E 2 3 4  = E Z 3  + (EL4-EZ3)*TERM2 
c 
C 
C DEBUG P K I N T  
C 
I F ( L . N E . 1 0 0 )  GO TO 1302 
PKINT 509,(((EZ(I,J,K),I=IM,IX),J=JM,JX),K=KM,KX) 
P R I N T  510, E Z l Y E Z 2 , E Z 3 , E Z 4 , E Z 1 2 , E Z 3 4  
1302 CONTINUE 
c 
C C O W U T E  TERi lS  FOR CURRENT D E N S I T Y  
C 
C 
C DETEKtl INE J I 1 , J X  FOK HX , I f - I , I X  SAME A S  FOK E Z  
C 
DO 1310 J = l , N Y l  
I F ( Y O B S ( N P T ) . L T . Y ( J + l ) )  GO TO 1315 
1310 CONTINUE 
1315 JM = J 
J X  = J+1 
I F ( L . E Q . 1 0 0 )  PKItJT 4 1 0 , 1 F l , I X ,  JP l , JX ,KM,KX 
'TEKM1 = ( Z B S  - Z0(Ydl))/DZ0(K1'1) 
TERM2 = (YBS - Y O ( J f . i ) ) / l ) Y O ( J l l )  
TEIU13 = ( U S  - X o ( I M ) ) / D X O ( I M )  
TERN4 = U.S*(DXO(IX)+DXO( I N ) )  
T E i U l 5  = 0.5* (DYO( JX)+DYO( JM) ) 
T E k i 6  = 0.5*(DZO(KX)+DZO(KPl) )  
kIXl=HX( IFI , J M  , Ut)+( I1X( I X  , JM , KM)-rlX( IN, Jill, m.1) ) *TEKii3  
HXL=BX( I l l ,  JXyKII)+(HX((IX,JX,KN)-11X(  IM,JX,KSi) )*TERTI3 
lIX3=HX( Ih l , JEI ,KX)+(I IX(  I X ,  JM,KX)-HX( Ill, J M , K X ) ) * T E N l 3  
t K 4 = H X (  I M , J X , R X ) + ( l l X (  I X , J X , K X ) - l K (  IM,JX,KX))*TERI13  
T E l U 7  = ( Y b S - Y ( J M ) ) / T E K M 5  
11x12 = HS1 + (HX2-tlXl)*TEKM7 
11x34 =: lIX3 + (1lX4-HX3)*TER;.I7 
C 'i'EKM3 I3 SCALE FACTOR FOR H X ( I X , J , h )  
C 
C TERM7 I S  SCALE FACTOR FOR H X ( I , J X , K )  
C 
C DEBUG P R I N T  
7 32 
I .  
C 
I F ( L . N E . 1 0 0 )  CO TO 1318 
P K I N T  502, ( (  ( l i X (  I ,  J , K )  ,I=IM, I X )  , J=JM, J X )  ,K=KSl,KX) 




c DETElUlINE I M , I X , J l l , J X  FOK HY 
C 
DO 1320 I = l , N X l  
I F ( X O B S ( W P T )  . L T . X ( I + l ) )  GO TO 1325 
1320 CONTINUE 
1325 IN= I 
I X  = I+1 
DO 1330 J = l , B Y l  
IF(YOBS(NPT).LT.Yo(J+1)) GO TO 1335 
1330 CONTINUE 
1335 Jl1 = J 
J X  = JS1 
1F( L. EQ. LOO) PKIIJT 410, I i l , I X ,  JM, JX,KM,KX 
TEK1.11 = ( Z B S  - ZO(KN)) /DZO(KI\ I )  
T E m l 2  = ( Y B S  - Y o ( J M ) ) / D Y O ( J l l )  
'i'ERKM3 = ( X B S  - XO( I M ) ) / D X c ) (  I M )  
TERI.14 = 0.5*( DXO( IX)+DXO( Ill) ) 
TERM5 = 0 . 5 * ( D Y O ( J X ) + D Y O ( J h ) )  
T E l t i i 6  = 0.5*( L)ZO(KX)+I)ZO(Kkl)) 
T E R N 8  = (X~S-X( Ik) ) / T E N 1 4  
tlY 1 = H Y  ( IN, J M  ,KLl)+( liY( I X ,  J t l ,  Kkl)-llY ( IN, J I 4 ,  Ul) )*TERM8 
HY2=1IY ( I M ,  J X ,  KII)+( t lY ( I X ,  J X  ,€W)-i lY ( I M , J X ,  Ul) ) *TERM8 
HY3=HY( IM, J f l , K X ) + (  llY( I X ,  JFl,KX)-HY( Ill, JLI ,KX))*TEMl8  
HY4zHY ( Ill,  J X , J G ) + (  HY( I X ,  J X ,  KX)-HY ( I M ,  J X , K X ) ) * T E R H 8  
hY12 = HYl + ( i iY2- i IYl)*TERf12 
h Y 3 4  = HY3 + (iiY4-HY3)*TERT.l2 
C T E K i d  I S  SCALE FACTOR FOR H Y ( I , J X , K )  
C 'fEPdl8 LS SCALE FACTOR FOR H Y ( I X , J , K )  
C 
C 
C DEBUG PKINT 
C 
I F ( L . N E . 1 0 0 )  GO TO 1340 
P K I N T  511, ( (  ( t lY(  I ,  J , K )  , I = I t l , I X )  , J=JM, J X )  ,K=Kll,KX) 




C T E R i l 9  I S  -SCALE FACTOR POK ( E Z , H X , H Y ) (  I , J , K X )  
C 
c 
I F ( N P L A N E ( N P T ) . E Q . 6 )  GO TO 1350 
TEKlh19 = ( Z (  KEl)-ZBS) /TEKM6 
C S T O K E ( L , N P T ) = E Z l 2  - (EZ34-EZ12)*TEKMg + E I N C Z P ( X B S , Y B S , L B S )  
A =I l i X l L  - (11X34-H);12)*TEN19 + U I N C X P ( X B S , Y B S , Z B S )  
S = HY12 - (HY34-HY12)*TEKTI9 + i l I N C Y P ( X B S , Y B S , Z B S )  
C 
C UEBUG P K I N T  
133 
c 
I F ( L . N E . 1 0 0 )  GO TO 1375 
E I N C  = E I N C Z P ( X B S , Y B S , Z B S )  
H l I N C =  H I N C X P ( X B S , Y H S , Z B S )  
B 2 I N C -  H I N C Y P ( X B S , Y U S , Z B S )  
P R I N T  51 3, E I N C  , l t l  I N C  , H 2 I N C  
P R I N T  5 0 6 , E S T O R E ( L , N P T ) , A , B  
GO TO 1375 
C 
C 
C TERM9 I b  -SCALE FACTOR FOR ( E Z , H X , I I Y ) ( I , J , K P l )  
C 
C 
1350 TER149 = (ZBS-Z(  KX) ) /TERM6 
E S T O K E ( L , N P T ) = E Z 3 4  + (EZ34-EZ12)*TEKM9 + E I N C Z P ( X B S , Y B S , Z B S )  
A = 1x34 + (l lX34-HX12)*TERTl9 + HINCXP(  XBS,YBS,ZBS)  
B = d Y 3 4  + (llY34-tiY12)*TEKI.19 + H I N C Y P ( X B S , Y B S , Z B S )  
c 
C DEBUG P R I N T  
c 
I F ( L . N E . 1 0 0 )  G O  'TO 1375 
E I N C  = E I N C Z P ( X B S , Y B S , Z B S )  
LI 1 I NC = H IN CXP ( XB S , Y B S , Z B S ) 
l i L I N C =  H I N C Y Y ( X B S , Y B S , Z B S )  
PKIIJT 513 , E I N C  , H l I N C  , H 2 I I J C  
P K I N T  5 0 6 , E S T O K E ( L , N P T ) , A , B  
GO TO 1375 
C 
1375 CONTINUE 
S I N A N  = S I N ( A N G L E )  
COSAN = COS(ANGLE)  
~ I S T O l I l ( L , N P T )  = A*COSAN+B*SINAN 
l ISTOR2(  L , N P T )  = B*COSAN-A*SINAN 
C U M (  NPT )=CUtIN( NPT)+HSTOKl  (L ,  NPT) 
I F ( L . E q . 1 )  GO TO 1390 
I F ( L . N E . 1 0 0 )  GO TO 1400 
P K I i J T  5 0 7 ,  HSTOK1 ( L ,  1JPT) , HSTOK2(  L , N P T )  ,ESTOKE( L , N P T )  ,ANGLE 
P K I N T  508, SI I JAN ,COSAN 
c 
1390 CONTINUE 
1400 C O N T I h U E  
C 
C FORMAT STATEMENTS 
C 
401 FORPIAT( 15) 
402 F O W A T ( 2 I 5 , 4 F 1 0 . 3 )  
407 FOKFiAT(7H1 );OBS,/ , 3 ( 1 O ( P 8 . 2 , 4 X )  , /))  
408 F O R "  (7110 YOBS ,/, 3( lo (  F 8 . 2 , 4 X )  ,/)) 
409 FORI4AT(7110 ZOBS,/,3(lO(F8.2,4X),/)) 
4 10 FORMAT ( 10MO IPl I X ,  8X, 7liJEl J X ,  8 X ,  7HKM KX, / ,3 ( 2  I5,5X) ) 
500 FORMAT(6110 EY , 8 E 1 2 . 4 , / )  
501 FORMAT( l ' r i 0 , 4 X ,  3HEY 1 , 9 X ,  3 1 U Y 2 , 9 X ,  3HEY 3 , 9 X ,  3 H E Y 4 , 8 X ,  4 t i E Y 1 2 , 8 X ,  
1 4 H E Y 3 4 ,  / , 6 E 1 2 . 4 ,  / )  
502 FORllAT(6110 HX , 8 E 1 2 . 4 , / )  
503 FORMAT( 1H0,4X,3HHX1,9X,3111iX2,9X,31iHX3,9X,31i11X4,8X,4HBX12,8X, 
134 
1 4BLiX34, / ,6E12.4, / ) 
504 FORllAT(6HO HZ ,8E12.4,/) 
505 l?OUlAT( 1HO,4X, 3lillZ1,9X, 3111122,9X, 3litlZ3,9X, 3HHZ4,8X, 4HHZ12,8X, 
506 F O R M T ( 9 H O  E,Hl,H2,5X,3E12.4) 
508 l?ORblAT( 1480 SIN (ANGLE) = , F12.3,5X, 12HCOS( ANGLE) = , F12.3) 
509 FORMAT(6B0 EZ ,8E12.4,/) 
510 FOIUUT( lliO,4X, 3HEZ1,9X, 3HEZ2,9X, 3HEZ3,9X, 3HEZ4,8X,41IEZ12,8X, 
1 4HEZ34 ,/ ,6E12.4, / )  
511 FOFWAT(6HO 1IY ,8E12.4,/) 
512 FORMAT( 1H0,4X, 3HxY l,S)X, 3111iY 2,9X, 3tiHY3,9X, 3HHY4,8X, 4HtIY 12,8X, 
4HBY34, / ,6E12.4, / ) 
513 FOKt4AT( lII0,81i EINCP = ,E12.4,2X,81€111INCP = ,E12.4,2X, 
514 FOWiAT(6HO EX ,8E12.4,/) 
515 FORMAT(1H0,4X,3HEYl,9X,3llEY2,9X,3lIEY3,9X,3l1EY4,8X,4HEY12,8X, 
1 4HEY34,/,6E12.4,/) 
1 4IldZ34, / ,6E12. 4 , / )  
507 FORMAT( 1611C, 111, H2, E ,ANGLE, ,5X, 4E12.4) 
1 





3.5.1 1 S u b r o u t i n e  P R I N O U T  
P R I N O U T  p r i n t s  o u t  t h e  da ta  s a v e d  i n  D A T A S A V .  I t  a l so  e x t e n d s  t h e  
da t a  record fo r  H- f i e ld  loops t h a t  d e f i n e  wire c u r r e n t s .  The data is summed 
o v e r  time, which a v e r a g e s  o u t  any  r e s o n a n c e s  (these behave as A e n s i n  1 and 
when summed o v e r  s e v e r a l  c y c l e s  y i e l d  a p p r o x i m a t e l y  z e r o . )  T h i s  l e a v e 3  the  sum 
of t h e  decay ing  e x p o n e n t i a l  r e s p o n s e  A e o d t ,  which is S = 1 A e o d t .  The 
decay ing  e x p o n e n t i a l  r e s p o n s e  is t h e  p o r t i o n  of t h e  t o t a l  r e s p o n s e  t h a t  t racks  
t h e  d r i v i n g  f u n c t i o n  which decays  as e o . Thus ,  a is known from t h e  
e x c i t a t i o n  s o u r c e  and  A. c a n  be found  from S ,  t h e  n u m e r i c a l l y  d e r i v e d  sum, and 
t h e  e x p r e s s i o n  S = 1 A e o d t .  and a. known, t h e  da ta  record is t h e n  
e x t e n d e d  i n  time. T h i s  a l l o w s  t r a n s f o r m s  t o  be  made f o r  d a t a  records as  l o n g  
as 50 usec o r  a lower f r e q u e n c y  l i m i t  of 10 KHz i n  t h e  spec t rum.  
-a t 
n 
-a t T -a t 
0 0 0  
-a t 
0 
T -a t 





C O ~ l M O N / E X T K A S / N X , N Y , N Z , N X l , N Y l , N Z l , N , M , M ~ , D T , X M U , E P S O , E P S , N P T L I M ,  
1 NN, NPTS , LNAX, SIGMA, C , T, PI, EXPFAC , IP , TX ,TY ,TZ ,AMP, ALPHA, SETA, IDLS 
COMMON/GRID/X(28) ,Y(28) ,Z(28) ,X0(29) ,YO(29) ,ZO(29), 
1 
2 DXI(29),DYI(2~),D~I(29),DXOI(28),DYOI(2U),D~OI(28) 
1 TSTOKE( 250) 
C 









c PKINT OUTPUT 
C 
C 





PKINT 23, (TSTOKE(LL),LL=l,L,3) 
PRINT 27,L 
PRINT 23, (ESTORE(LL,NPT),LL=l,L,3) 
PRINT 27,L 
PRINT 23, (HSTORl(LL,NPT),LL=l,L,3) 
PKINT 27,L 
PKINT 23 ,  (tiSTOR2(LL,NPT),LL=l,L,3) 
TT=T 
C 
24 FORrlAT(t3Hl LOC = ,I3) 




DO 1501 LL=L,LIlAX 
TT=TT+DT*8. 
liSTOKL(LL,NPT)=CLJkIM( NPT)*DT*8 .* 
1 (~.O/((~.~-EXP(-AL~~A*T))/ALPHA-(~.~-EXP(-~ETA*T))/BET~))* 






IF(N.NE. 1.OR.blM.NE. 1) GO TO 1600 
































GO TO 500 
C ONT I NUE 
IF(M.NE.2.OR.~.~.NE. 12) GO TO 1700 
DO 1610 LL-1,LI.IAX 
CSTOKE (LL, 1) =HSTORl (LL, 1 ) 







24 ,LOC( 1) 
23,(CSTOKE(LL, 1) ,LL=l,LMAX,3) 
2 4 , LOC ( 2 ) 
23 , ( C STORE ( LL ,2 ) , LL=1, Ll.lAX, 3 ) 
5 00 
CONTINUE 
IP(FI.NE.2) GO TO 1800 




PRIIJT 24,LOC( I) 









I '  
The gove rn ing  
code a re  i n  t h e  form 
E --- + oES = a t  X 
APPENDIX A 
e q u a t i o n s  f o r  t h e  l o s sy  d i e l ec t r i c  f i n i t e  d i f f e r e n c e  
where t he  x component o f  t h e  E - f i e l d  is used ,  for example.  Cons ide r  now a 
p l a t e  o f  f r a c t i o n a l  t h i c k n e s s  T i n  t h e  x d i r e c t i o n ,  i .e.  t h e  p l a t e  i s  TAX 
t h i c k ,  so  t h a t  T is a f r a c t i o n  o f  t h e  c e l l  d imens ion  i n  t h e  d e s i r e d  d i r e c t i o n .  
The e f f e c t i v e  d i f f e r e n c e  e q u a t i o n  f o r  t h e  c e l l  i n  which t h e  p l a t e  is  p r e s e n t  
c a n  be found from t h e  a v e r a g e  o f  t h e  above d i f f e r e n c e  e q u a t i o n  f o r  a r e g i o n  i n  
which t he  p l a t e  is p r e s e n t  (cc=O, E = E ~ )  and where there  is o n l y  f ree  s p a c e  (o=O, 
E=E 1. More p r e c i s e l y  
0 
a H S  a H S  
( 1 - T )  [. 0 a t  ay a Z  - 2-2 I +  
- 
a t  T F %  a t  + oES x = - ay - ..y aZ - oEx - ( E - E ~ ) -  aH; a H S  i 
I n  e x p l i c i t  f i n i t e  d i f f e r e n c e  form t h i s  is e x p r e s s e d  as 
n+1/2  s n-1 / 2 e - a T A t / ~ e f f  
E ~ ( I , J , K )  = E x ( I , J , K )  
n &-E 0 .i 
- E ~ - ( I , J , K ) ~  - E x (  I ,  J ,  K )  r (I 
L 
H ~ ( I , J , K ) ~  - H;(I,J-I , K ) "  
+ 
o T ( Y ( J )  - Y ( J - 1 ) )  
1 H'(I ,J ,K)"  - H?I,J ,K-I  1" - u T ( Z ( K )  - Z ( K - 1 ) )  
where  E = [ ( l - T ) e o  + T E ] .  ef f 
Similar e x p r e s s i o n s  ho ld  i n  t h e  o u t e r  d i r e c t i o n s  f o r  t h e  t h i n  p l a t e  formal i sm.  
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